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RESEARCH IN SEWAGE CHEMISTRY, SEWAGE TREAT- 
MENT AND STREAM POLLUTION 


A CRITICAL REVIEW OF THE LITERATURE OF 1933 


By WELLINGTON DONALDSON, LINN H. ENSLOW, SAMUEL A. GREELEY, W. S. MAHLIE, 
WILLEM RUDOLFS, ABEL WOLMAN, AND EARLE B. PHELPS, Chairman 


Committee on Research, Federation of Sewage Works Associations 


CHEMISTRY AND BIOLOGY 


Studies dealing with methods of determining sewage, sludge and 
effluent characteristics are progressing slowly. The study of organic 
and inorgani¢e colloidal substances present in sewage, their behavior and 
changes with different methods of treatment, is very much in its infaney. 
Scientific information regarding the quantities and behavior of colloids 
in sewage is of particular importance in the activated sludge process 
and other oxidation devices, in the settling, decomposition and precipi- 
tation of organic matter in sewage, and last but not least, in the de- 
watering of sludges. 

Determinations of colloidal matter in sewage vary greatly in ac- 
cordance with the method used. Among these methods are those used 
by Richter, involving coagulation of the colloids with FeCl, and NH,OH, 
treating the Fe(OH), with H,SO, and determining the colloids by filter- 
ing through a Gooch crucible and weighing; Rohland and Meysohn, 
adsorption of dyes by colloids and colorimetric determinations of the 
concentration of the dye before and after absorption; Mare and Sack, 
adsorption of colloids with BaSO, powder and determining the refrac- 
tion of the water before and after treatment; Bach, adsorption with 
BaSO, and determining the oxygen consumed with KMnO, before and 
after; Nue, filtration of colloids through crude rubber and collodion as 
an ultra-filter and determination of total solids before and after ultra- 
filtration; and several others. All procedures give different results, 
however, and are for the most part tedious. Schmiedt! has recently 
proposed a method consisting of precipitation with FeCl, (1:19) at a 
pil of 4.0, taking care that no surplus FeCl, is added by trials with 
KCNS solution at pH 4.0, which is considered to give the lowest oxida- 
tion value, and oxygen consumed determinations before and after filtra- 
tion in accordance with the regular KMnO, method. The difference be- 
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tween the two oxygen consumed values is the oxygen consumed (chemi- 
cally) by the organie colloids. 

Lumb,’ discussing the mechanism of the action of activated sludge, 
states that the isoelectric point of sewage is estimated to be about pH 6.5. 
Since sewage usually has a pH value between 7.0 and 8.0 the colloids are 
considered to carry a slightly negative charge. The bacteria are always 
negatively charged, and during periods of active growth the potential 
difference between them and the surrounding liquid is considerably 
greater, e.g. the bacteria have a strongly negative charge. Activated 
sludge (sewage pH 7.0 to 8.0) is also strongly negative and the sewage 
colloids are weakly negative. Under these conditions the sewage col- 
loids and the activated sludge will undergo co-precipitation; in effect 
the sewage colloids will be floceulated on the activated sludge floc. 

The practical application suggested is to acidify the sewage with a 
cheap acid to about pH 6.5 in order that greatest clarification may be 
obtained. 

A method of classification of dispersed materials in sewage has been 
undertaken by the British Water Pollution Research Board * by means 
of filters, ultra-filters, sedimentation, centrifuging and chemical means. 
The dispersed matter may be divided in 3 classes according to particle 
sizes by centrifuging at 2500 r.p.m. The coarser material contains one- 
half to three-fourths of the organic carbon, while the finer particles not 
separated at 2500 r.p.m. contain nitrogen and are possibly of protein 
character. 

The biochemical, biophysical and physical principles underlying the 
treatment of sewage have been discussed in several papers. Prof. 
Adeney,* who has been identified with sewage research for many years, 
contributed a paper summarizing somewhat critically our present knowl- 


edge and giving the relationship of strength of organic and ammoniacal 


impurities in crude sewage of average strength, expressed in parts per 
million by weight of oxygen consumed during self-purification. His 
classification is as follows: 
Parts per Million 
Coarse solids removable by sedimentation 
Fine suspended and colloidal removable by activated-sludge process 450 
Organic and ammonia in solution 
a. Organic 
b. Ammoniacal 
These figures are of interest in that they indicate that 79 per cent of 
the organic impurities (820 p.p.m.) are in the form of solid organie mat- 
ter. 
A laboratory study made by Emma Hamburg-Eisenberg,* dealing 
with the value of protozoa in activated sludge, leads her to conclude that 
the protozoa are found almost exclusively on the surface of the floc. 
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Protozodlogical estimations seemed to show that a special fauna produced 
a specific degree of purification. The conclusion was reached that the 
protozoon fauna, from both a qualitative and a quantitative standpoint, is 
a very good index of the purifying power of activated sludge. The coat- 
ing of slime adhering to the walls was investigated and found to be very 
important. By decreased aeration the load on the tank could be doubled 
when a good growth of slime was present. 

Contributions to our knowledge of sewage fungi are infrequent. 
Butcher ° described five organisms more or less commonly found. The 
organisms are found wherever a sufficient quantity of certain forms of 
organie matter is present; they develop without regard to the oxygen 
content of the water and are distributed according to the quantities of 
organie matter present. Low temperatures may increase distribution 
by retarding decomposition. 

Two studies were reported simultaneously on the effect of dilution on 
bacterial numbers in sewage. Studies on polluted river waters by 
Hoskins and Butterfield * showed that bacteria increased by dilution, 
followed by a decrease. The same was found by Heukelekian * when 
sewage was diluted in the laboratory. (See pages 195 and 197 for 
further discussion. ) 

Filters —Control of the filter fly is still under study. Investigations 
of the use of chemicals, heat and flooding recur periodically. Seouller 
and Goldthorpe ® tried creosote oil, orthodichlorbenzene, soda ash and 
erease, in the form of emulsions, on a large scale with a measure of 
success, although the eggs, larvae or pupae were not killed. The appli- 
cation of none of these materials either singly or combined is new, but 
in Scouller’s work applications were made during two seasons on a large 
scale, with a cost during the second season of $206 per acre. 

Nitrification in trickling filters continues to interest investigators. 
Barritt '° concluded that ammonia oxidation reaches its. optimum at pH 
6.7 to 8.0 and is retarded at pH 5.5. Free CO, retards. Bach" eon- 
cludes that 0.4 per cent CO, in the air is toxic and that the concentration 
should be kept below 0.2 per cent. Blunk '* has assumed on the basis of 
studies by Bach that the CO, concentration in filters is so great that 
nitrification is retarded and consequently he has applied air artificially 
to sweep out the CO,. His studies showed that the time of passage of 
sewage through the filter varies from 1 to 5 hours, instead of a few min- 


utes as is frequently supposed. For that reason he concludes that con- 
tinuous operation would be better than intermittent. 

The biological decomposition of gas house waste on filters was in- 
vestigated by Hoppold and Key.'* Fowler, Ardern and Lockett in 1910 
isolated a bacterium capable of oxidizing phenol, while Wlassowa in 
1930 claimed that phenol decomposition in sewage is purely a chemical 
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phenomenon. The two authors have tried to settle the question and 
came to the conclusion that only one isolated Gram negative vibrio wa: 
capable of splitting phenol. Gas house waste containing relatively hig) 
concentrations of phenol (concentrations not given) was detrimentai 
to all other sewage bacteria so that biological stabilization was inef- 
fective. 

A study of the destruction of carbohydrates and organie acids by 
bacteria from a trickling filter was reported by Levine and Watkins." 
About 90 bacterial strains were isolated on a synthetic lactie acid 
medium. These included 18 species and 9 genera. Acids were produced 
in the upper layers of the filter from sugars, starches and other carbo- 
hydrates, whereas they were destroyed in the lower layers. The pH of 
the effluent was found to be a convenient and rapid index of functional 
activity. 

The effect of type and size of sprinkling filter media on the purifica- 
tion and stabilization of sewage was investigated by Rudolfs, Setter and 
Heukelekian.’® It appeared that the per cent reductions of B.O.D., 
ammonia and B. coli and the rate of nitrification varied with the tem- 
perature of the sewage, while B.O.D. reduction and nitrification were 
also influenced by the concentration of suspended solids. Saturation 
with dissolved oxygen was not affected by temperature; protozoa varia- 
tions were related with B. coli reductions. Slag retained more solids 
than stone or gravel. The results of studies of size of media showed that 
stone, gravel or slag filters were about equal in general purification, 
whether coarse or fine media, but the differences between fine and coarse 
material were quite marked. With increasing B.O.D. loads poorer 
effluents were produced, although the percentage reduction was greater. 
A large portion of the ammonia could not be accounted for. It would 
be valuable if studies of this nature would be duplicated elsewhere under 
different climatic conditions and different sewage characteristics. 

Sludge.—Discussion of heat production during digestion continues 
to be of interest. Keefer and Kratz '® concluded from laboratory studies 


that digestion is exothermic during the early stages and endothermie in 
the later stages. During the entire decomposition process more heat is 
absorbed than given off. In the discussion between Buswell and _ his 
co-workers '* and Fair and Moore 'S concerning thermodynamic con- 
siderations, the former concluded that absorption of energy (endo- 
thermic) during bacteriological degradation of sewage solids is contrary 
to the mass of data collected by previous workers in the field using pure 


compounds. 

Studies of the effect of temperature on digestion have dealt particu- 
larly with the zone between so-called optimum conditions for mesophilic 
and thermophilic digestion. Keefer and Kratz'® found that with small 
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batches the sludge kept at 37° C. digested slightly more rapidly than that 
at 28° C., while Heukelekian *° concludes from experiments where the 
sludge produced was re-used that the ultimate digestion time does not 
vary materially in the range of temperature between 28° and 42° C. 
Variations of temperature in different sections of a digester have again 
been called to attention by Taylor,?! who heated the top sludge to pro- 
duce better results. That sludge has a relatively low coefficient of heat 
transmission from a heating coil was shown by Queer.** This is assumed 
to be due to the high viscosity of sludge. Heat transfer was highest in 
the region of active digestion. 

Results on semi-plant scale operation of thermophilie digestion of fine 
screenings (349 days at 130° F.) as compared with mesophili¢ digestion 
(267 days at 85° F.) given by Heisig ** show that the daily charges 
handled were about the same, while gas production from the thermo- 
philie digestors was considerably higher. Other results showed that the 
daily charges to the thermophilic tanks could be as much as 70 per cent 
ereater than the mesophilic with equally good results. The gases con- 
tained an average of 53.8 per cent methane. Additions of trypsin to the 
screenings and digestion at 104° EF. showed that the same amounts of 
materials could be handled as in the tank kept at the same temperature 
without trypsin additions, but that gas production was reduced. 

A few studies have been made on the ripeness of sludge. Althausen 
and Buswell ** conclude that the rate at which water can be expressed 
from sludge varies with the ripeness, but that the amount of water re- 
absorbed by dried press cake was independent of the ripeness. Results 
on so-called ‘‘two stage’’ digestion, which in reality is short-time diges- 
tion in one tank and after-digestion in another, have been brought for- 
ward as something new, although the same procedure has been followed 


for a great many years at Birmingham, England, and at the Essen- 
Rellinghausen plant in the Ruhr district. At Peoria, IIl.,*° it was found 
that 40 per cent of the volatile matter will digest at 90° C. in a ten-day 
period and the remainder of the digestible material at a lower rate at 


lower temperatures. 

Activated Sludge.—Indices used by Ridenour *° to predict bulking of 
activated sludge were: increase in volatile content of suspended solids, 
increase in dissolved oxygen, rapid increase in B.O.D. and inerease in 
filamentous character of the sludge. Scouller and Speneer,?? while in- 
vestigating the effect of iron on activated sludge, added gradually from 
10 to 100 p.p.m. as ferrous sulphate. The iron did not interfere with 
clarification, but inhibited nitrification. With more than 100 p.p.m. iron 
purification was definitely decreased, but the sludge gradually recovered 
its activity. Eldridge ** reports that dairy waste tested in an activated 
sludge plant, aerated for 5.5 hrs., began to bulk; that a scum of fat was 
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present on the final tank; lactose was present in the aeration tanks and 
effluent; and a drop of pH from 7.0 in the morning to 6.7 in the after- 
noon was recorded. The lower pH would be nearer the optimum fo 
coagulation as expressed by Baly for domestic sewage. 

Methods of Analysis—During the determination of moisture in 
sludge at 100° to 105° C. volatile matter is lost. Bach *® has used a 
method of moisture determination based upon that used in coal analysis. 
The sludge is distilled with xylol vapor and the water collected. Check- 
ing of the method in the laboratory of the New Jersey Experiment Sta- 
tion has shown that it is satisfactory for rather concentrated sludges, but 
very inaccurate when activated sludge or similar thin sludges are used. 

Although a committee report has fairly well standardized the pro- 
cedure of B.O.D. determinations, not all difficulties have been solved and 
the necessity of incubation for a number of days delays results. 
Eldridge *° has pointed out that dilutions of a sterile material and the 
quantities of such material affect the values obtained. Thompson *! 
criticized the British Royal Commission test described in the Ministry of 
Health Methods. A modification of Miller’s method of determining dis- 
solved oxygen was described in detail and Thompson concluded that it 
was simpler and more accurate than the R. C. test. To avoid errors 
inherent in the dilution method of estimating B.O.D. it was proposed 
to saturate the undiluted sample with oxygen instead of air and incubate 
for 24 to 48 hours. The main difference between Thompson’s proposal 
and the Sierp method is that in the former oxygen is bubbled through 
the sewage, thereby bringing it in solution, while in Sierp’s method the 
sewage is incubated in the presence of gaseous oxygen. The question 
remains whether such a method evaluates the load placed upon a stream 
better than the dilution method, since in a stream some degree of dilution 
takes place. 

A Committee of the New England Sewage Works Association *? has 
published a valuable report on sewage sampling procedure. Methods of 
determining the operating characteristics of the activated-sludge process 
are of particular interest. It is well known that the sludge index may 
be valuable when applied for comparative purposes at a single plant, but 
laboratory results published by Voelker ** indicate that there are critical 
points for the concentration of suspended solids in the aeration tank for 
clarification as well as for stabilization. These two optimum points are 
not necessarily the same and will undoubtedly vary with the chemical 
and biological characteristics of the floe. 

Chemical Precipitation.—In spite of the widespread interest in chemi- 


eal precipitation, no results of laboratory research were published during 
1933. A number of chemical precipitation schemes have been proposed 
and utilized, but there has been a dearth of fundamental research dealing 
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with questions such as the reactions involved, effect of interfering sub- 
stances, effects of dispersion, flocculation and coagulation of the colloidal 
and soluble materials. The need for more effective precipitants than 
those utilized at present is apparent. Results with small dosages of 
ferric chloride at Grand Rapids ** produced a small increase in the re- 
moval of suspended solids, reduction of B.O.D. and chlorine demand. 
Similar results are reported from several places. 

Work on the chemical precipitation of trade wastes is being con- 
ducted at several places in this country and abroad. Most of the work 
is along well-known lines, with the use of lime, alum, calcium chloride, 
ferric chloride, copperas, sulphurie acid, ete. Textile wastes liquors 
have been and still are being studied. Some of the latest work done in 
North Carolina * is of interest, although the work is not concluded. 
The investigators came to the conclusions that each type of textile waste 


requires specific chemicals or mixtures of chemicals for satisfactory 


coagulation. Several studies have been reported on treatment of sugar 
wastes either by biological or chemical methods. 

Treatment of gas house liquors has been studied by a number of in- 
vestigators. The use of copper sulphate as a precipitant, although some- 
what expensive, produced fairly efficient precipitation.*® 


SLUDGE DIGESTION 


The year 1933 in sludge digestion was characterized by construction 
of relatively few new plants, by an increasing influence of operating 
experience on design, by a vastly increased interest in the utilization of 
sludge gas, and by investigations into the mechanical dewatering of 
sludge. 

Gas engines for utilization of sludge gas have been installed at the 
sewage treatment works at Springfield, Illinois, and Newark, N. Y., and 
at one or two places in Germany. Walraven ** reported for nine months 
in 1933 the use of power from sludge gas, and warned regarding varia- 
tions in the quality and quantity of sludge gas, the pressure at which it 
is generated, and the content of hydrogen sulphide. Definite steps have 
been taken for the installation of gas engines at the Peoria, Illinois, 
sewage treatment plant. Haseltine ** stated that the composition, quan- 
tity and heat value of sludge gas may vary considerably, but the varia- 
tions in heat value become almost negligible in the air-gas mixture used 
in the engine. Variations in the methane content require adjustment 
of the air-gas mixture. Not more than 0.1 per cent of hydrogen sulphide 
should be present in gas used for power. Vokes *° discussed the recovery 
of heat from exhaust gases of gas engines at the Saltley and Yardley 
works of the Birmingham, Tame and Rea District. 
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New construction in this country in separate sludge digestion is 
limited to very small installations. Priiss and Blunk *° described a plan 
at Soest, Westphalia, including both trickling filters and activated sludge, 
for a population of 25,000. Fresh sludge, collected in a storage tank 
holding two days’ supply, is pumped to a digestion tank heated by hot 
water coils and equipped with screw pumps for vertical circulation. 
Gas is collected and used for all power requirements, and digested sludge 
is used as fertilizer. 

Imhoff *' reported that at the end of 1932 there were 240 towns in 
Germany with two-story tanks and 70 with separate digestion tanks ; and 
that the separate-digestion principle is being adopted rather than the 
two-story, since the latter type of tank cannot be heated. 

More than the usual amount of interest has been shown in problems 
relating to the heating of digestion tanks and heat losses therefrom. 

T. Nutter *? described heating separate digestion tanks at Rockdale. 
Live steam is admitted from pipes opening into the tank bottom at the 
inlet end, the steam mixing with the whole of the sludge, which is kept 
in circulation. A temperature of about 70° F. is maintained. 

C. E. Keefer ** reported the heating of separate digestion tanks at 
Baltimore by direct addition of hot water and by circulation through 
coils. Less total heat was required and 24 per cent more gas was pro- 
duced when hot water was circulated through coils. With the direct 
addition of hot water, the sludge withdrawn contained 15 per cent more 
solids. 

Rudolfs and Miles ** investigated heat losses at Freehold, N. J., from 
a digestion tank surrounded by an earthen embankment. Gas produc- 


tion amounted to 0.8 eubie feet per capita when the tank was maintained 
at 94° F. With a ground temperature of 54° F., 33.4 per cent of the 


gas was required to heat the tank. 


Kraus *° reported on operation of heated separate sludge digestion 
tanks at Peoria, Illinois, which received settled and activated sludge. 
Digestion for 10 days at a temperature of 90° F. resulted in 40 per cent 
reduction of volatile solids; satisfactory separation of supernatant 
liquor and sludge was obtained in secondary digestion tanks; the amount 
of gas per pound of volatile solids added in single-stage digestion was 
8.3 eubie feet and with two-stage digestion, 14.4 cubic feet for both 
stages. 

Monthly operating records from Springfield, Illinois, with activated 
sludge and from Grand Rapids, Michigan, with plain sedimentation and 
from Aurora, Illinois, with trickling filters (but no final settling tanks ) 
were as follows: 
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Gas in Gas Per Pound 
Cubic Feet of Volatile 
Plant (1933) Per Capita Solids Added 





7.46 
13.60 
0.60 8.52 


Grand Rapids 
\urora 


Springfield 





l‘urther data from Springfield, Illinois, for the year 1933 show that 
a 180 h.p. gas engine has been operated on sewage gas at Springfield. 
During the year the engine was operated partly or wholly on 355 days. 

The installation, including engine and its auxiliaries and gas holder, 
cost $10,840, and the operating costs have amounted to $1,136 for the 
year. With fixed charges at 10 per cent, the total annual cost has been 

The saving in power has been 635,000 k.w.h. which at 1 cent per 
k.w.h. amounts to $6,350, resulting in a net annual saving of $4,130. 

For the year the engine has produced about 65 per cent of the power 
needed for aeration, the monthly average reaching as high as 94.3 per 
cent for January, 1934. 

These results have been obtained with an average air consumption of 
1.02 cu. ft. per gallon of sewage, a connected population of 70,000, an 
average flow of 6.7 m.g.d. and an average gas production of 0.6 cu. ft. 


per capita per day. 
ACTIVATED SLUDGE 


Plant construction during 1933 indicates that the activated sludge 
process remains the tried and approved method for producing the 
highest quality effluent. 

Howson’s paper at a meeting of the Institute of Chemical Engineers 
in London, May, 1933,*° points out that almost without exception the 
large cities of 500,000 or more population in United States have selected 
activated sludge as their type of treatment. Imhoff, in his paper before 
the same Institute, shows that there are 13 activated sludge plants serv- 
ing about 900,000 population in Germany. 

The plant designers have lost through the death of T. Chalkley Hat- 
ton and J. L. MeClintoek two of their highest class men. Hatton will 
be remembered for his pioneer work at Milwaukee, while McClintock was 
actively engaged in the design of New York’s Wards Island plant. 

New Plants.—Two exceptionally large plants, the Wards Island New 
York (180 m.g.d.) and the Easterly Plant at Cleveland (123 m.g.d.) are 
under construction. The Easterly Plant at Cleveland will be watched 
with interest to see the results of the extensive use of aluminum and its 


alloys in resisting corrosion. 
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Milwaukee *° is planning an addition to the activated sludge plait. 
The present capacity is 85 m.g.d. The proposed addition will be for 
70 m.g.d. Indianapolis ** is also contemplating an enlargement to the 
plant. 

A plant is being built at Marlboro, New Jersey, using a brush aera- 
tion process as developed by Row Engineers, Ine.** At Sparta, Illinois,“ 
an Imhoff tank contact-filter plant was rebuilt and converted to an acti- 
vated sludge plant, in order to treat sewage containing rayon mill and 


creamery wastes. 
In England at Mogden, Middlesex County,*° an activated sludge 
plant is being constructed under the direction of John B. Watson to 


serve a population of one million persons. This will be by far the largest 
activated sludge plant in England. Two new bio-aeration plants are 
under construction at Sheffield *' to replace obsolete plants at Woodhouse 
and Woodhouse Mill. The Simplex works at Halifax are being increased 
from 20,000 gallons per hour to 70,000 gallons per hour. A new Simplex 
surface aeration plant went into operation in May, 1933, at Coatbridge, 
Seotland.®? This has a capacity of 414 m.g.d. 

After a number of years experimentation, Osaka, Japan,** is now 
building two large activated sludge plants, the Tsumori plant serving a 
population of 734,000, and the Ebiye plant serving 451,000. These 
plants are designed on a 53-gallon per capita per day basis, and the depth 
of the aeration tanks, using diffused air and spiral flow, will be 15 feet. 
The aeration time will be about 5.5 hours. 

Mendelsohn,** describing the sewage works at Tokyo, Japan, gives 
some figures comparing the results of the diffused air system against the 
mechanical paddle wheel system (Sheffield) showing that the mechanical 
activation produced a somewhat better effluent than the diffused air. 
These results should be studied with some care as the capacities of the 
two types of plant were widely divergent, the mechanical plant being 
1.2 m.g.d. while the diffused air plant was only 0.037 m.g.d. 

Paris, France, finding itself handicapped for more land to dispose of 
the sewage by irrigation, has turned to experimenting with activated 
sludge. At Colombes they have a 1.0 m.g.d. plant using diffused air 
from perforated pipes, and a 1.25 m.g.d. Simplex plant. At Montmesly, 
the Sheffield method is used in a 1.0 m.g.d. plant. 

Theory and Practice——Whitehead and O’Shaughnessy *° have pre- 
sented an interesting paper on sewage disposal, and show the develop- 
ment of activated sludge from its earliest beginnings. 

Spode,®* discussing the aeration requirements of activated sludge 
plants, points out four cardinal principles which must be embodied to 
provide successful operation : 
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Intimate mixing of the sludge and sewage during the aeration 
period. 
The preservation of aerobic conditions in the plant. 


Storage capacity in the plant to deal with peak loads. 
Systematic discharge of surplus sludge under controlled conditions. 


The mechanism of the activated sludge process, which has been 
explained by a number of theories in the past, from an absorptive, 
enzyme action, or biologic action standpoint, has been explained by a new 
theory propounded by Professor E. C. C. Baly of Liverpool ** involving 
neutralization of electrical charges on colloids. The theory does not 
however explain the action of the substances in true solution. 

Dr. Calvert,>? of the British Water Pollution Research Board, men- 
tions an interesting use of the methylene blue test. His studies indicate 
that if the time of reduction of the activated sludge is one hour, and the 
reduction of the sewage-sludge mixture is not less than 24 hours, the 
sewage is regarded as being fairly well purified. 

Reducing Operating Costs.—Perhaps more effort has been directed 
to the cutting down of operating costs than to any other line of en- 
deavor connected with activated sludge plants. 

The combination of diffused air and mechanical devices such as 
Imhoff first used at Essen Rellinghausen has been utilized in a number 
of plants described in last year’s report. 

Newark, New York,°® is one of the more recent installations utilizing 
paddle wheels and air diffusion. 

Besselievre,®® in a study of plants of this type, reported that from 11.0 
to 15.8 horsepower per million gallons were required for the paddle 
wheels, and from 6.3 to 17.2 by the air diffusion, making the total input 
per million gallons from 17.3 to 33.0 h.p. It is pointed out that this 
type of installation offers flexibility of control in air application that is 
not obtained in other plants, such as shutting off the air diffusers at night 
during periods of low flow, the paddle wheels being sufficient to provide 
agitation; and also providing for ‘‘tapering off’’ diffused air so that 
heavier doses can be applied to the influent and lighter doses toward 
the effluent end of the tanks. 

At Collingswood, New Jersey,®’ Dare reports a substantial saving 
in operating cost, by using a 10-minute aeration period followed by a 
5-minute rest period, and repeating this cycle throughout the entire 24 
hours. The process is automatically controlled by a program clock. 

The large North Side plant of the Sanitary District of Chicago has 
operated with an exceptionally low air requirement, averaging 0.42 eu. 
ft. per gallon in 1932.% 
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Hoskins * at the Pennsylvania Sewage Works Association meeting 
“wondered if on the whole we were taking economic advantage of stream 
recovery capacity to its maximum safe limits.’’ 

In line with this, the plant at Lima, Ohio, is operated as a complete 
activated sludge plant in summer, and in winter only with sedimentation 
processes. 

Pre-Aeration.—Pre-aeration is becoming more and more popular. 
With its first introduction it seemed limited to Imhoff-tank sprinkling- 
filter plants, but now is used in quite a number of activated sludge plants. 
The advantages of applying air ahead of primary settling tanks, have 
been pointed out by Roe ® and Veatch,®* who state that sedimentation 
is improved, grease is liberated, and odors are blown out. It might be 
well to point out, however, that using aeration to blow out odors should 
be approached with caution, unless provision is made to trap and 
deodorize the gases blown out. Unless this is done nothing in odor re- 
duction is gained except possibly a ‘‘freshening’’ effect in the sewage. 
Roe calls attention to the fact that design of pre-aeration devices is not 
definitely standardized and that the time of aeration varies from 10 to 
30 minutes, and the amount of air from 0.05 to 0.10 eu. ft. per gallon. 
With plate diffusion, practice indicates that 20 to 30 square feet of plate 
area per million gallons are used, and the air is applied at about 3 cubie 
feet per minute per square foot of plate area. 

At Osage City, Kansas, Veatch ® has recently remodeled an old septic 
tank-contact filter plant and added pre-aeration using 10 minutes con- 
tact with diffused air from a grid of porous tubes. 

Stanley °° has added pre-aeration treatment ahead of his primary 
settling tanks of the San Antonio activated sludge plant to de-emulsify 
erease. 

At Golden Gate Park, San Francisco, pre-aeration using tube dif- 
fusers is provided in an activated sludge plant, before the return of 
activated sludge. 

Pre-aeration is also used at the Stahnsdorf plant, Berlin,” and at the 


two plants now being built at Lancaster, Pennsylvania. 
Activated Sludge Disposal.—In the past year a great deal of interest 
has been centered in controlling the condition and depth of sludge in 


settling tanks. 

Sludge blanket depth detectors are described by Vermilye,®* Donald- 
son * and Bloodgood.*®° In the new plants being built at Lancaster, 
Pennsylvania,"! sludge level detectors are installed in the final tanks. 
Hoffman,*? at Morristown, New Jersey, using a photoelectric cell has 
devised an arrangement which automatically opens or closes valves which 
reculate the sludge level. 
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lhe high moisture content of excess activated sludge has always been 
a souree of annoyance to the plant operators who have to dispose of it 
either by digestion, filtration, or other means. 

Haseltine ** has discussed the effects of returning excess activated 
sludge to the incoming raw sewage and points out that this practice in- 
creases the loading on the aeration processes, causing sludge to aceumu- 
late faster in the aeration tanks, and results in a larger proportion of 
light floc in the aeration tanks. In spite of this, however, this practice 
is in general use which indicates that the’ plant operators recognize it as 
the best method available in most of the plants. 

Goudey and Bennett “* have reported a sludge concentration method 
at the Los Angeles experiment station, where a portion of the mixed 
liquor from the main aeration tanks is diverted to a continuously oper- 
ated mechanical clarifier. Chlorine is applied to the top layer above 
the sludge blanket to maintain one p.p.m. excess. The chlorinated 
effluent then is returned to the main effluent flow from the regular clari- 
fiers. Sludge is withdrawn once daily. By this method they obtain a 
sludge of 94.8 per cent water content. To produce heavier sludges they 
weight the sludge down with inert material such as oyster shells, mag- 
nesite and other substances. They have produced sludge as low as 76 
per cent moisture by this method. As yet the costs remain to be de- 
termined. 

At the Barnsley Sewage Works in England, Bell * has had difficulty 
in drying activated sludge on drying beds. Experimenting with in- 
soluble particles of gritty material (sand) applied to the sludge he found 
he could separate two thirds of the original water in three hours or less, 
allowing sufficient time for settlement. He claims to have had far better 
results with sharp-grained materials than with smooth-grained. 

Kersaw *° at Epsom, England, has devised a novel scheme for disposal 
of exeess activated sludge, by applying it to growing coarse water grass 
about a foot high. This method gives little trouble from odors or flies. 

Sludge Bulking.—Ridenour’s ™ studies of bulking at one of the New 
Jersey state plants using brush aeration, showed that the suspended 
solids concentration must be kept low to prevent bulking, and that the 
sludge index frequently used at other plants was of no value at this 
particular plant. 

R. N. Clark’s *® experiments indicate that ferric chloride can be used 
with sueeess in controlling bulking of activated sludge. The amounts 
of FeCl, used varied to a maximum of 83 pounds per million gallons. 
The best results were obtained when a small amount of air was intro- 
duced just after the chemical was added. The air increased the size of 
the floe and maintained the iron in a ferrie condition. Throughout the 
experiment the pH value was unaffected. 
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Use of Activated Sludge Plant Effluents——The high quality of acti- 
vated sludge plant effluents is utilized in Golden Gate Park, San Fran- 
cisco,’* where it is used for irrigation, and in lakes and small scenic 
waterfalls. 

A novel use is made of the effluent at Grand Island, Nebraska, where 
a public skating pond has been built, and the plant effluent is allowed to 
freeze in it. 

At Herington, Kansas,’ a contract has been made between the Rock 
Island Railroad and the city, to use the plant effluent for boiler water, 
The revenue derived from this is to be used to retire the loan granted 
by the government. 

Legal and General.—Any reference to activated sludge progress 
would not be complete without mentioning the important decision 
handed down February 7, 1933, by Judge I’. A. Geiger °° of the U.S. Dis- 
trict Court of Milwaukee, wherein he upheld the validity of the patents 
of Activated Sludge, Inc., who had instituted suit against the City of 
Milwaukee. The case has been appealed and was argued before the U. 8. 
Appellate Court in Chicago in November. (A decision sustaining Judge 
Geiger was handed down March 2, 1934.) 

The ruling of Judge Lindley of Chicago in a similar suit against the 
Chicago Sanitary District is being awaited with a great deal of interest. 


CHLORINATION * 

Chlorine continues to serve as an adjunct in sewage treatment and its 
application has been extended during the past year. Aside from its use 
in disinfection, its application for destruction and prevention of odors 
has been the most important and of the broadest interest. Next in 
interest has been the application of chlorine to reduce the rate and the 
amount of oxygen consumption of effluents in streams and also for the 
purpose of suppressing aquatic growths in stream beds below treatment 
works. On this score seasonal chlorination is serving to prevent nuisance 
and unsightly conditions along streams in summer when the dilution and 
oxygen supply are somewhat (not markedly) below requirements for an 
unchlorinated and more rapidly decomposing effluent. 

Disinfection.—Concerning the mechanism of disinfection of sewage 
and effluents, results of the investigation at the New Jersey Sewage Ex- 
perimental Station by Rudolfs and Ziemba *' are to be published shortly 
in the Journal of Bacteriology. Particular attention was paid to the 

* Possibly by the time this review appears in print an important and thorough 
report on ‘‘Sewage Chlorination’’ which was presented before the American Public 
Health Association in October, 1933, by Langdon Pearse, as Chairman of its Com- 
mittee on Sewage Disposal, will have been printed and distributed by the Association. 
As a thorough and careful review of the subject interested readers should examine 


and, if possible, secure a copy of this report. 





Vol. 6, No. 2 RESEARCH IN SEWAGE CHEMISTRY 183 


effects of varying dosages of chlorine, the relative values of various 
chlorine compounds employed, the temperature and period of contact. 
In summary, the work revealed: That the rate of B. coli kill was greatest 
when the chlorine demand was lowest; time of contact following chlorine 
application is important only up to 2.5 minutes; chloro-peptones and 
chloro-proteins are neither inhibitory nor germicidal, but other chloro- 


produets formed in sewage create a progressive reduction of bacteria 


with inereasing time of contact, such as for instance in travel through 
trunk sewers and sedimentation tanks. 

The above studies were made with a view to explaining the observed 
marked reductions of B. coli concentration in shore line waters of New 
Jersey as the result of sewage chlorination for bathing beach protection 
wherein chlorination, insufficient to produce residual chlorine in many 
instances, had resulted in unexpectedly high reductions of B. coli con- 
centration in the bathing areas. 

Prechlorination vs. Postchlorination.—In connection with Imhoff and 
plain settling tanks and those with mechanical sludge removal equip- 
ment, prechlorination is showing its superiority to postchlorination and 
is therefore being increasingly used *? except in connection with septic 
tanks. At Dayton, O.,°* for instance, Imhoff tank performance has been 
materially improved showing an average increase in B.O.D. reduction of 
16 per cent and other advantages, such as scum reduction in the vents 
and less suspended solids in the influents. Dayton continues to use the 
lime-chlorine process. At Baltimore, Md.,** and elsewhere it has been 
established that prechlorination improves sludge digestion rather than 
the converse. 

Prechlorination was established with satisfactory results in odor con- 
trol during the late summer at Cleveland’s Westerly Plant; for some 
years it has been effectively used at the Southerly Plant, consisting of 
Imhoff tanks and sprinkling filters. 

The Los Angeles County Sanitation District *° continues to operate 8 
chlorinating stations on its extensive sewer system to provide pre- 
chlorination for odor control. But, the increased efficiency and capacity 
of the activated sludge type treatment plant, as a result of maintaining 
the sewage in a fresher condition by the practice of prechlorination, has 
been an effect of possibly greater significance. 

Stream Improvement.—Studies of the stream receiving settled and 
chlorinated sewage from the treatment plant at Chapel Hill, N. C.,%° 
covering a period of four years, constitute an important contribution to 
the literature as to the effect of a chlorinated effluent on the receiving 
stream. The dissolved oxygen in the stream was increased and the 
B.O.D. was decreased markedly by chlorination. At the critical point 
3000 feet downstream these figures were 147 per cent and 24 per cent 
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respectively. Farther downstream conditions with and without chlorin- 
ation were approximately equal. 

At Downer’s Grove, Ill.,*7 chlorine applied to settled sewage and 
sprinkling filter effluent has had a satisfactory effect in improving stream 
conditions including elimination of fungus growths. Chlorination of 
the two effluents resulted in a dissolved oxygen content of 3.5 p.p.m. at a 
point 1000 feet below the outfall whereas on occasions during the sun- 
mer when chlorination was suspended the dissolved oxygen in the stream 
practically disappeared. 

In an unpublished experience, a serious growth of sphaerotilus in the 
stream receiving effluent from the Winston-Salem, N. C., chemical pre- 
cipitation plant was controlled by chlorination of the effluent. Likewise, 
the dissolved oxygen content in the stream was maintained and the 
B.O.D. was definitely reduced. The use of chlorine for stream improve- 
ment at Winston-Salem is, in consequence, to be established as routine 
summer operation. 

Profuse growths of green algae and other vegetation in streams 
receiving biologically oxidized effluents have come to be a problem of in- 
creasing importance. Such growths choke the flow, die and decompose 
to create a nuisance—all the result of high efficiency sewage treatment. 
The unsightly condition of streams so affected has been the source of 
complaint and suit by riparian owners. 

At Fostoria, O., effluent chlorination has controlled such growths with 
marked improvement in stream appearances. The residual chlorine 
dissipates after a short distance of stream travel and fish thrive below 
the zone of residual chlorine, which extends a short distance below the 
plant. Rooted vegetation is not destroyed. 

A large tonnage of bleaching powder (chlorinated lime) was applied 
to sewage entering Coney Island Creek, a tidal estuary near Coney 
Island, N. Y., in which an abundance of hydrogen sulphide was produced 
from sulphates in sea water by biological attack. The purpose, and its 
realization, was that of holding sulphate splitting in check by reducing 
biological activity. The procedure was admittedly a temporary expedi- 
ent, to relieve a nuisance in a thickly populated area until permanent 
diversion of the sewage can be arranged for the treatment was effective. 
In previous years intermittent chlorination of the creek proper, followed 
by nitrate (Chile saltpeter) added to the sewage, has been utilized with 
some degree of success for providing an artificial oxygen supply to 


satisfy biological requirements and prevent sulphate reduction. 
Chlorination of Sludge and Foaming Control.—Rudolfs,** in studies 
made at the New Jersey Sewage Experiment Station on the chlorine ab- 
sorption of sewage sludge, found the absorption to be quite rapid for 
the first half hour, during which time 80 per cent of the organisms were 
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destroyed. After 6 hours 97.8 per cent were killed, whereas the remain- 
ing 2.2 per cent were highly resistant to chlorine attack even after 24 
hours. The modern conception of the process of chlorination—first 
oxidizing those substances in solution capable of oxidation ; second, the 
attack of finely divided particles (colloids, bacteria, ete.) and, finally, 
the difficult penetration of the coarser, more resistant particles of the 
suspended organic matter—was thereby strengthened. Likewise the 
theory that oxygen demand reductions come about by a combination of 
chlorine with organic bodies seemed to be supported. 

Chlorine was found to control foaming of Imhoff tanks at Stockton,*® 
California. Application of moderate dosages to the raw sewage entering 
the Imhoff tanks for 16 hours a day (6:00 a.m. to 10:00 p.m.) controlled 
foaming after 10 days of such treatment. As a consequence the quality 
of tank effluent improved. 

Improved Chlorine Dosage Regulation in Odor Control.—An interest- 
ing method of regulating chlorine dosage in odor control practices has 
been developed by Griffin.°° Since the standard methylene blue stability 
test is a measure of the concentration of reducing materials present, the 
length of time required for disappearance of the blue color in a chlorin- 
ated sample of sewage is also the time interval during which no odors 
from septization will appear, provided no seeding material of conse- 
quence enters the sewage beyond the point of chlorination. Slight de- 


velopment of sulphides will cause the blue color to fade quickly and 
therefore the test is an indicator of sulphide production. By this means 
of control, the chlorine requirement for odor control has been more 


scientifically and economically fixed. 

A constant source of odor nuisance in the grease separating room 
at the Erie, Pa.,°' sewage treatment plant has been eliminated by the 
application of 1.5 to 2 lbs. of chlorine to the grease separating tank, 
handling 5000 gallons of skimmings daily from the clarifiers. The re- 
quired residual chlorine in the grease-water mixture was about 1.4 p.p.m. 
at a cost of only 11 cents per day for chlorine. 

Production of Chlorinated [ron Coagulants.—Although some plants 
in recent years have experienced difficulties in manufacturing ferric 
chloride at the point of use, there are now several plants, notably that at 
Oklahoma City,®? Okla., which are successfully making ferrie chloride 
using tin cans as a source of iron. The cans are placed in a concrete 
tower with a chlorine solution entering at the bottom. The mixture of 
ferrous and ferrie chloride solution which flows from the top is com- 
pletely oxidized to ferrie chloride by a further addition of chlorine as it 
flows through a pipe line to the point of application. By adding the 
‘‘home-made’’ ferrie chloride, up the sewer, odor control and floe forma- 
tion are effected enroute to the plant. A new chemical precipitation 
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plant under construction at Birmingham,”** Ala., will employ chlorine in 
the production of chlorinated copperas as a coagulant, for reduction of 
B.O.D. and disinfection. 

At Newark, N. Y., demonstrations were conducted wherein heavy 
applications of chlorine were applied as a coagulant on mixed crude 
solids and wasted activated sludge returned to the crude sewage for re- 
settling in the preliminary settling unit. Recirculation of the super- 
chlorinated solids is said to improve sedimentation and reduction of 
oxygen demand, but no operating data on the process have been released 
for publication. A portion of the superchlorinated mixed sludges was 
dewatered on vacuum units without additional coagulant being required. 
The process is under development by the Diamond Alkali Works. The 
process was later tested on a larger scale at Rochester, N. Y., but has not 
been adopted for plant expansion. 

Although chlorine has been reported by Simpson ** and others to be 
but slightly successful in destroying Psychoda alternata breeding in 
sprinkling filters, more recent experiences at Allentown, Pa. (yet unpub- 
lished), indicate that heavy chlorination of the filters every ten days 
seems effectively to control fly breeding. 

Chlorine Demand Determination.—Determination of chlorine demand 
(chlorine required to oxidize reducing substances present and leave a 
slight residual of excess chlorine) because of its increasing usefulness 
and value, has received attention during the year. Where the volume of 
sample is limited or the work must be done rapidly, an empirical pro- 
cedure of titration is employed. In this, a standardized neutral or 
slightly alkaline hypochlorite solution is employed and the endpoint is 
determined by a spot-plate test using orthotolidin reagent. As a field- 
test it is satisfactory. 

A more exact test *’ has been utilized, in which a preliminary rough 
titration is employed to reveal the approximate demand, whereupon the 
exact demand is determined by utilizing a series of samples of 500 c.c. 
portions of sewage to which are added increasing chlorine dosages during 
stirring. After five to ten minutes of contact a small volume of each 
sample is tested for the presence of residual chlorine. That dosage 
which gives a slight but positive residual chlorine test represents the 
chlorine demand. For greater exactness (hardly justified on practical 
grounds) the residual chlorine value, determined quantitatively, is de- 
ducted from the total applied to arrive at the minimum chlorine demand. 

In England a very exact laboratory test °° for determining chlorine 
demands of sewages has been suggested but on practical grounds such 
refinement of the test is of questionable justification. Chlorine demands 
of sewages and effluents vary from hour to hour and the method of col- 
lecting and handling the sample to avoid expulsion of hydrogen sulphide 
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is immensely more important than undue refinement of the determina- 
tion. Further investigations of procedures for chlorine demand deter- 
minations are, however, justified to evolve a standardized procedure for 
practical field use and possibly another, of greater precision, for labora- 
tory use. 

Improving Sludge Density and Reduction of Supernatant Liquor.— 
The reduction of the water content of crude solids and surplus acti- 
vated sludge added to separate sludge digestion tanks has been an im- 
portant problem in making more successful and economical the opera- 
tion of activated sludge plants. The ill effects from the return of large 
volumes of supernatant digester liquor to the crude sewage or aeration 
tanks at activated sludge plants seem fair to be largely eliminated by 
an expedient developed by Goudey at the Los Angeles, California,®” ex- 
perimental station. Instead of wasting excess activated sludge to the 
erude sewage for concentration with crude solids in primary settling 
units, the Los Angeles method is to concentrate the surplus sludge in a 
separate tank and to reduce the water content to 95 per cent. To hold 
the concentrating sludge in an aseptie condition (avoid bulking) chlorine 
is applied to the upper strata of liquid in the concentrator tank in 
amounts equivalent to roughly 25 lb. per m.g. of sewage passing through 
the plant. The thickened sludge is then transferred directly to the 
digesters, thereby reducing the total volume of (activated plus crude) 
sludge by 15 to 36 per cent. 

At Phoenix, Arizona, the Los Angeles scheme has been put to use by 
Travaini with results (unpublished to date) surpassing those observed 
by Goudey and Bennett, thus again proving that supernatant liquor in 
appreciable volume is toxic to the activated sludge process. 

Reducing Industrial Waste.—The value of chlorination and especially 
the ammonia-chlorine process in paper and paper products plants has 
been definitely established and expanded. Chlorination of white-water,°® 
ordinarily going to the sewer, allows the return of this waste product 
to the process without biological difficulties previously encountered when 
attempting such practice. Savings to the manufacturer result, and the 
‘closed system’’ scheme of operation is reducing stream pollution—or 





loadings on treatment plants—created by open systems in such plants. 
The future in waste and stream pollution curtailment may likely find 
other manufacturing processes subject to conversion to ‘‘closed systems’? 


with profit to all concerned. 


MECHANICAL AND CHEMICAL PROCESSES 


Interest continues unabated in chemical precipitation methods for 
Sewage treatment. Two distinct trends are to be noted: one where 
chemical processes are intended to be self-contained and independent of 
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biological processes; the other where chemical methods are being em- 
ployed as aids to biological processes, for reasons of nuisance abatement 






or for increasing the efficiency of existing investments. 

Of the self-contained chemical processes there are very few plants 
in full scale routine operation in this country today. At Providence, 
R. I., lime and bleach continue to be used in treatment of about 35 m.¢.d. 
in order to get the maximum efficiency out of sedimentation facilities. 
This method of treatment, although practiced for several years, is re- 
garded as more or less of a temporary expedient pending the completion 










of an activated sludge plant, the preliminary units of which are now 





used for the present treatment. The sludge at Providence is dewatered 
by plate filter presses and the cake dumped in lower Narragansett Bay. 

The Winston-Salem, N. C., plant constructed in 1927-28 continues 
to use the Landreth electrolytic process. The treatment is essentially 































clarification with heavy dosage of lime. The alkaline sludge is dewatered 
by Wright vacuum filters and satisfactorily disposed of on dumps. 

The plant at Ashland, Ohio, employs the Travers process whereby 
clarification is secured by the use of lime, ferrous sulphate and marl. A 
plant at Circleville, Ohio, employing the same process, was abandoned in 


1931. 

Of the chemical precipitation plants in actual operation on a plant | 
scale, as complete processes, the one of most interest is at Dearborn, 
Mich., employing the Laughlin process. Announcement has been made 
within the past few months that this process has been taken over by the 
American Cyanamid Company. During November, 1933, the Dearborn 
operation, treating about 3.0 m.g.d. West Side sewage, has been under 
laboratory study by Dr. A. M. Buswell. The results of his tests are 
awaited with interest, since East Side sludge was excluded from West 
Side sewage throughout November, 1933. Earlier tests on sewage only 
have been reported by Zack.°® Dewatering of the sludge on Oliver 
vacuum filters has been practised at Dearborn. The alkaline cake is at 
present disposed of on dumps. 

Status of Experimental Installations—Completion of a six months 
test of the now well known Guggenheim process was announced several 
months ago. This demonstration plant of some 25,000 gallons capacity 
per day was operated continually at the North Side works at Chicago 
in parallel with the large activated sludge plant. The results announced 
by Mohlman?° at Indianapolis in October and by Gleason?! at New 
York in January indicate a very high degree of purification, namely, 
91 per cent B.O.D. and 97 per cent suspended solids removal. 

A test plant of the Lewis process was operated during 1933 at At- 
lanta, Georgia. This installation, with a normal capacity of 500,000 
gallons daily, was designed, installed and operated under the supervision 
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of Alexander Potter, and Parsons, Klapp, Brinckerhoff and Douglas. 
The Lewis process involves the application of ferric chloride, lime, Cot- 
trell dust and ferrous sulphate, in the order named. The test plant 
was operated during the period March 9 to Sept. 22, 1933, at various 
rates and with various combinations of chemicals. The results of opera- 
tion have not been published. 

An experimental plant employing the Streander process has been 
operated intermittently at the Northeast Works in Philadelphia during 
the past year and one half. This process involves the application of 
lime and ferrous sulphate with air mixing preliminary to settling the 
sewage solids. A rapid sand filter of the Blaisdell self-cleaning type is 
a feature of the installation. 

No further developments have come to light in connection with the 
Stevenson process used experimentally at Palo Alto, California. This 
process involves chemical precipitation with ferric chloride in two or 
more stages with return of precipitated sludge to preceding sedimenta- 
tion stages. It is understood that some experimentation has been made 
at other localities in California based on the Palo Alto methods, but so 
far no full seale plants are in operation. 

A similar status of inactivity exists regarding the Miller-Koller proe- 
ess tried out at Elmhurst, Illinois, the Putnam process at Valparaiso, 
Indiana, the Cabrera process at Wilmington, Delaware, and the Diamond 
Alkali Company process, set up at the Cleveland Southerly Works, 
Newark and Rochester, New York. 

Chemical Methods Auxiliary to Biological Processes——There are 
several significant examples of chemical precipitation methods being 
used to improve the removal of suspended matter in sedimentation 
tanks, in connection with biological works. New structures for this pur- 
pose at the Plainfield, New Jersey, plant are expected to be in service in 
March, 1934. The situation here is that of an overloaded sprinkling 
filter installation with its various attendant evils. The new facilities 
provide for efficient flocculation of the sprinkling filter effluent with 
ferric sulphate before final sedimentation; the return of final sludge to 
the head of the plant with additional ferric coagulant at this point, as 
required. It is expected by these means to relieve the loading on the 
sprinkling filters and to improve the appearance and quality of the final 
effluent. Sludge will continue to be digested in separate tanks. 

Further developments in the use of chemicals to supplement or aug- 
ment the usual biological processes have been mentioned earlier in this 
report. The plant deseribed by Hendon** for Birmingham County, 
Alabama, will utilize chlorinated copperas and lime during the summer. 
The Seott-Dareey plan of producing ferric chloride at Oklahoma City ™ 
is reported to be in use at Fairview, Perry and Enid, Oklahoma, and at 
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Essex Falls, New Jersey. Improved operation and abatement of odors 
have been reported. 

Filtration of Activated Sludge Effluent.—The filtration of the effluent 
of activated sludge final clarifiers has been practiced at the Grand 
Canyon plant by rapid sand filters since 1926; at Tenafly, N. J., by in- 
termittent sand filters since 1928; at Barrington, N. J., by rapid sand 
filters since 1931. The latest development along these lines is at Rock- 
ville Centre, N. Y., where vacuum filters were installed recently under 
the direction of Wm. Gavin Taylor, to rectify the failure of the original 
percolation beds to absorb the plant effluent. 

The installation, completed the middle of last summer, was accepted 
by the Village February 3, 1934, after a successful 30-day test. During 
this test the clarifier overflow averaging about 2 m.g.d. and containing 


33 p.p.m. suspended solids was filtered mainly by one filter unit of 500 


square feet net area with occasional help from a second unit during peak 
suspended solids ranging up to 700 p.p.m. Suspended solids were re- 
duced to an average of less than 2 p.p.m. The filters used are the 
Wright, string-take-off type furnished by the Municipal Sanitary Sery- 
ice Corporation. In operation the filters are first charged with about 
800 pounds of paper (air-dry basis) as a 2 to 3 per cent suspension. 
The thick mat of paper pulp and sludge solids is continually repulped, 
drawn off, washed to get rid of the fine material and the washed pulp is 
returned to the filters for reuse. About 340 pounds of fresh paper has 
to be added to the system daily to replenish the fine material washed 
out and returned to the preliminary tanks. 

A third vacuum filter unit at Rockville Centre is used to dewater a 
mixture of primary solids and excess activated sludge after conditioning 
with paper pulp and lime. About 55 per cent of the dry solids of the 
plant are handled on the filter and the remainder is handled by the 
separate sludge digestion tanks originally provided. 

Vacuum Filters for Sludge Dewatering.—The use of vacuum filters 
for dewatering excess activated sludge has become well standardized as 
at Milwaukee, Chicago, Houston, Pasadena, Charlotte, High Point, Gas- 
tonia, and York Township using ferric chloride as the principal co- 
agulating agent. Filter rates have varied from 1 to 5 lb. per sq. ft. 
per hour. At Hagerstown, Maryland, mixed activated and fresh solids 
have been filtered by Wright vacuum filters for some six months, using 
lime and paper pulp as conditioning agents. During this period the 
filter yields have averaged about 60 per cent of the stipulated 1.0 Ib./sq. 
ft./hr. net sewage solids. Changes now effective provide for use of ferric 
chloride and lime in continuous two-stage mixers instead of batches, to 
prepare the sludge for filtration. Greatly increased filter yields and 
more dependable operation have resulted from the changed method. 
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During the past year considerable work on filtration of digested 
sludge has been earried on by Gascoigne at Cleveland. He has been 
operating an extensive plant at the Westerly Works to accumulate data 


for the design of the final plant. 

In connection with the dewatering of sludge, particularly digested 
sludge, by vacuum filters considerable interest is being drawn to the 
operating results of an experimental filter at Baltimore, where methods 
of washing the digested sludge prior to filtration have resulted in very 
much higher yields and a striking economy in chemical requirements to 
prepare the sludge for filters. This method has been developed by Mr. 
A. L. Genter and the Baltimore experiments have been conducted under 
the supervision of C. E. Keefer and Herman Kratz, Jr., at the Back 
River plant. 

The Genter methods are based upon the theory that amino acid and 
other ammonia compounds are responsible for the difficulties of eondi- 
tioning sludge for filtration, and hence their removal by simple elutria- 
tion will result in lower chemical doses and more rapid filtration. 

Dewatering Sludge by Evaporation.—For the past year and one-half 
the Sanitary District of Chicago has been experimenting on a large 
scale with equipment for the dewatering of filtered undigested sludge, 
prior to incineration. A large Oliver filter 16 ft. long by 11 ft. 6 in. 
diameter has been used for filtering undigested sludge, consisting mainly 
of activated sludge with a small proportion of settled solids. The filter 
cake has been dried in a rotary dryer, and the dried sludge burned in the 
fire-box of the dryer to provide heat for the evaporation of the water in 
the filter cake. The filter and dryer had a capacity of 20 tons per day 
of sludge on the dry basis. They were operated for about nine months 
and the conelusion was reached that the procedure was practical and 
preferable to digestion and drying. More recently a further improve- 
ment has been installed, for dewatering and incinerating the filter cake, 
consisting of a battery of three ‘‘Raymond’’ hammer mills through 
which the filter cake will be passed, together with the hot gases from its 
incineration, after further drying, and dewatered down to about 40 per 
cent moisture. A fourth ‘‘Raymond’’ mill is designed to dry down to 
less than 15 per cent moisture, whence the very finely divided sludge is 
blown into a pulverized fuel furnace and incinerated at a high tempera- 
ture. All of the gases and evaporated moisture are to be passed through 
the high temperature zone of the furnace and effectively deodorized. It 
is expected that the dry sludge will have sufficient B.t.u. content to 
evaporate all of the moisture without the addition of coal, and also that 
the closed cireuit for the gases and moisture, with passage through the 
furnace, will eliminate the possibility of odors, so often associated with 
dryers. The new drying and incineration plant will soon be in opera- 
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tion. This process is intended to be used for the disposal of practically 
all of the sludge to be produced by the great treatment works of the 
‘Sanitary District of Chicago. 

Dewatering Sludge by Spray Dryer—tIneluded in the improvements 
of the Plainfield, N. J., plant now nearly completed and ready for 
service are novel arrangements designed to supplant the open sludge 
beds and make it possible to remove digested sludge independent of 
weather conditions. Arrangements as worked out by Mr. Downes in- 
clude a vertical steel tank for thickening the sludge by flotation after 
dosing with alum, and a spray dryer as furnished by Industrial Associ- 
ates, Inc. to dewater the thickened sludge from a moisture content of 
some 88 per cent down to about 20 per cent. The dried sludge will be 
either incinerated immediately or sold as powdered fertilizer material, 
according to the economies prevailing. 

The Centrifuge Again.—There has appeared within the last year a 
new type of centrifuge with practically continuous operating character- 
isties, offered by the Sharples Company. It is designed particularly to 
thicken fluid sludges such as activated sludge prior to digestion or de- 
watering on vacuum filters. This machine was set up for a short time at 
Chicago and later field tests were carried out at Collingswood, New 
Jersey, on activated sludge. The results have not been published. 


STREAM POLLUTION 


The paramount position of the public health interest has resulted in 
placing stream conservation programs very largely under the regulative 
and administrative control of health departments, with recognition in 
certain states of such secondary interests as playgrounds and fish and 
game protection. The relation of sewage pollution to the public health 
has been scientifically established and can be accurately stated in quan- 
titative terms. The relative danger of nearby versus remote pollution; 
permissible loadings on various types of water treatment plants; stand- 
ards of quality of waters for all types of use, domestic supplies, swim- 
ming pools, the growing of shell fish, ete.; can be established on the basis 
of biological facts and experimental data with a satisfactory degree of 
precision. 

The problems of industrial waste pollution have not been so clearly 
defined, owing in part to their variety and complexity but chiefly to the 
fact that their sanitary significance is generally indirect and often remote 
or obseure. Coblentz*°* has discussed this question in a manner which 
is both analytical and constructive. Industrial wastes in general, and 
with but few exceptions, are less dangerous to community health than 
domestic sewage. In the development of a general stream conservation 
program, however, the relationship between the two becomes more and 
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more apparent. The ‘‘molasses slop’’ discharge from a distillery, for 
example, has a 5-day B.O.D.; about 80 times that of domestic sewage. 
Such a waste in quantity necessarily makes heavy demands upon the 
self-purifying capacity of a stream. It forces itself into the picture 
whether we will it or not and no labored argument or refinement of logic 
is required to establish the position of this particular agency as a factor 
in the entire situation. In brief, industrial wastes complicate and in 
cases grossly aggravate the problems of stream protection and the proc- 
esses of water purification, both natural and artificial, and of sewage 
treatment. 

The author discusses the cooperative efforts undertaken by the in- 
dustries of Maryland under the guidance of the chief engineer of the 
State Department of Health both in the Curtis Bay and Baltimore 
Harbor areas and in the upper Potomac River.’®* Specific treatments 
have been developed through experimental investigations for the wastes 
of tanneries, distilleries and chemical plants, and in many cases the in- 
dustries have made the corrections indicated by these group investiga- 
tions without legislative pressure and largely in their own self-interest. 

Wastes from a chenopodium oil factory present a problem of peculiar 


interest. The product is used extensively in hook-worm treatment. It 


was found to be especially toxic to fish in a concentration of 50 p.p.m. 
These investigations also included studies of atmospheric pollution which 


we need not detail here. It is significant, however (and we are here 
reporting a research in the technique of handling such situations rather 
than in experimental waste treatment), that in these cases, also, important 
and costly modifications have been voluntarily undertaken in the interest 
of the general good. In this same connection a significant index of the 
present day tendency is the request recently made by the American 
Petroleum Institute to the Conference of State Sanitary Engineers for 
cooperation in a study of the wastes of the oil industry. 

The aetivity of green plants as factors in the reaeration of polluted 
streams is well recognized but there is an unfortunate dearth of quan- 
titative data. Calvert 1°* has made a study in the White River below the 
outfall of the Indianapolis sewage treatment works which provides data 
of unusual interest. Diurnal variations in the amount and strength of 
the sewage coupled with variable stream flow made it possible to utilize 
the chloride concentration in the stream to determine the time of passage 
to Antrim, 6.3 miles below. During the summer season this time ap- 
proximated 31.5 hours. <A similar ingenious use was made of the ob- 
served time of passage of changes in stream velocity which likewise were 
of frequent occurrence and which were found to be synchronized over 
the stretch with a lag of about 7.5 hours. It was assumed that such 
changes pass rapidly through the pools but move over the riffles at ap- 
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proximately stream velocity. It would appear therefore that the stream 
spends about 7.5 hours on the riffles and 24 hours in the pools. 

Despite this excellent opportunity for reaeration, the D.O. at the 
various river stations downstream frequently approached zero values. 
At the lower stations however, and particularly at Antrim, there was a 
definite diurnal variation of from less than 1 part at sun rise to from 5 
to 7 parts in the early afternoon. This variation was not synchronous 
with the diurnal variations in sewage strength and is clearly the result 
of photosynthesis. The White River under these conditions becomes a 
most sensitive instrument for the quantitative measure of this phe- 
nomenon. It is to be hoped that the authors will take advantage of this 
unusual situation and will either work up their present data more com- 
pletely or preferably make more detailed investigations next summer. 

As an example of what might be done we note from their Table 1 and 
Figure 4 a total production of oxygen by photosynthesis averaging about 
3 parts per million for 10 hours at a stream flow of 140 cu. ft. per second 
or approximately 945 lb. of oxygen per day. At a per capita ultimate 
B.O.D. of 0.22 lb., of which about one-fourth is required within the 30- 
hour period, this provides oxygen for stabilizing stream conditions in the 
presence of the untreated sewage of about 17,000 people. A somewhat 
more complete statement of the biological factors, particularly as to the 
extent and character of the areas of attached algae, might be found to 
provide a datum of fundamental value. This value would be greatly en- 
hanced by a study of individual riffles, with particular reference to varia- 
tions in types and to the effect of various light intensities. 

A further important contribution of the same sort has been made by 
Ridenour *” who has studied self-purification in a pond in northern New 
Jersey rather heavily polluted at its upper end by the treated sew- 
age of a state institution. The total stream flow is capable of estimation 
with fair accuracy and the physical dimensions of the pond have been 
determined. The situation is such that the normal storage period in the 


pond varies from one to five days during the year, with mean values of 
approximately three days for both summer and winter. The pond has a 
mean depth of 8.9 feet with a maximum of 15 feet at’ the dam. The 
drop from the crest of the dam to the stream bed below is about 16 feet 


in a thin broken sheet. 

The pollution loads, as represented by the 5-day B.O.D., varied ac- 
cording to stream flow from 5 to 27 parts per million, averaging for the 
year about 14.5. This value was reduced by passage through the pond 
to an average of 6.0, or separating summer and winter values, reductions 
of 66.5 and 52.5 per cent, respectively, were obtained. Mean summer 
temperature was 21° C. and mean winter temperature was 6.2° C. 
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The author computes from these data a value of the deoxygenation 
eoetlicient, K,, of 0.168 for the summer period and the data permit a 
similar computation which gives 0.11 for the winter period. This use 
of experimental data for recomputing what we take to be a rather funda- 
mental constant is perhaps objectionable. It would be preferable to 
assume the generality of the value of K, and to seek for some other ex- 
plantation of the evident increase in the rate of self-purification. 

The dissolved oxygen studies are of particular interest. The author 
does not give sufficient data to permit checking his computations, which 
lead him to the conclusion that the B.O.D. removal in the pond is 13.5 
p.p.m., the loss in D.O. at the same time 3.1, leaving a net deficit of 10.4 
to be furnished by reaeration or photosynthesis. The actual change in 
5-day B.O.D. was in fact for this period 9.1 p.p.m. which, transferred to 
the ultimate value, represents about 15.0. Similar computations and 
apparent discrepancies occur in the treatment of the winter data. It is 
evident, however, that whichever value be selected, the pond has provided 
oxygen both winter and summer at a rate which has been most advan- 
tageous and which compared with rates quoted by the author from Mahr 
for various rivers and ponds in Germany is unexpectedly high. 

From this point the author makes a most commendable effort to apply 
his deoxygenation and reaeration coefficients to stream conditions in 
general and shows in a most satisfactory quantitative fashion the ad- 
vantages of the situation which he has studied as a self-purification 
mechanism, when compared with a normal flowing stream. Quantitative 
studies of this type are very much needed at the present time, especially 
in view of the development in Germany of storage systems on polluted 
streams with the specific object of facilitating self-purification. In the 
example before us, however, it would seem to be rather desirable to in- 
vestigate certain possibilities which are not mentioned, namely, first that 
the pollution of this pond is primarily from the effluent of a trickling 
filter known to carry an unusual proportion of its unsatisfied B.O.D. in 
the form of a readily settleable material, and second that such an effluent 
might be expeeted to contribute nitrates in effective quantities. These 
two possibilities would account most readily for the apparent high values 
of deoxygenation and reaeration respectively. 

Reference 1°? was made last year to the general thesis which has been 
developed as a result of the experimental work of the U. S. Public Health 
Service group at Cincinnati regarding equilibrium between bacterial 
density, concentration of nutrient and the plankton population, of a 
polluted water. Hoskins and Butterfield? have now studied what they 
consider to be a special ease of this general phenomenon, namely, the effect 
of the dilution of a polluted river by a considerable volume of the water 
of a less polluted stream. In general, under these circumstances there 
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is a pronounced increase in the total bacterial numbers following such 
dilution. An example is cited covering an 11 months’ record of ihe 
Illinois River at the junction of the Kankakee. The increase in the num- 
bers of coli-aerogenes ranged by months from 30 to 242 per cent, 
with only 2 months showing decreased values of 7 and 27 per cent, re- 
spectively. The 20° C. and 37° C. counts showed similar though less 
consistent variations. Data upon the Illinois above and below the con- 
fluence of other important branches, on the Chicago Drainage Canal at 
the confluence with the Des Plaines and at the mouth of the Scioto dis- 
charging into the less polluted Ohio, are similar, though less marked, 
and suggest a rather fundamental phenomenon. 

A series of carefully planned laboratory experiments was made in an 
endeavor to investigate the mechanism of this phenomenon. Samples 
of the water of Mill Creek, a highly polluted stream flowing through 
Cincinnati, were stored at 20° and at 37° either undiluted or in dilu- 
tions with Cincinnati tap water in the ratio of 0.1 and 0.01. Plate 
counts at these two temperatures and determinations of the coli-aero- 
genes group were made at intervals. A fairly consistent result was ob- 
tained under all these varying experimental conditions, which may be 
summed up in the statement that there is an initial increase in the 
bacterial density under these circumstances, the ratio of increase being 


greater with the higher dilutions. Numerically the 0.01 dilution yielded 
about 9 times and the 0.1 dilutions about twice as many bacteria, per 
initial organism, as did the undiluted water itself. These general rela- 
tions apply to the various temperatures of storage and to the bacteria 


as measured by the various types of tests. 

A similar study was undertaken using waters of the Illinois River 
from six sampling stations extending from 166 to 288 miles below the 
head of the river. Dilution ratios of 0.5, 0.25, 0.1 and 0.05 were used 
in this series. The general result was almost identical but an additional 
fact of considerable theoretical interest appeared. Thus in water from 
the two most heavily polluted stations there was no increase in bacterial 
density upon storage of undiluted samples, nor did any increase appear 
in the series of diluted samples until diluted to 10 per cent in the case 
of the less polluted and 5 per cent in the more polluted water. Some 
increase occurred in the undiluted water from the third station, in the 
order of decreasing pollution, and the ratio of increase grew continuously 
with decreasing pollution of the sample. These results were likewise 
consistent as between 20° and 37° counts but storage was limited to 
20° and coli values were not determined. There appears to be a natural 
tendency to bacterial increase during the storage of polluted waters 
which tendency increases with (a) the distance from the initial source 
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of pollution (extent of self-purification), (b) the extent of dilution of 
the sample previous to storage. 

Before summing up the authors’ conclusions we turn to two other 
investigations which appear to deal with the same general phenomenon. 
Butterfield °° reports the result of an investigation upon the rate of 
increase in bacterial density during storage without dilution of four 
types of polluted water. Storage temperatures of 10, 20, and 37 de- 
erees ©. were employed and observations of the bacterial density curves 
were carried out over a period of 40 days. Plate counts at 20° and 37° 
and coli determinations were recorded. Butterfield also examined 
samples from each of his sources under both winter and summer con- 


ditions. The sources included two stations on the Ohio River repre- 


senting different intensities of pollution, Mill Creek, previously referred 
to, and one of the Cincinnati sewers. 

With a few exceptions, in the 166 samples studied, there was an in- 
crease in bacterial density at the beginning of the storage period re- 
eardless of the temperature of storage or of the season of collection. 


The proportionate inerease for any type of sample was greater with 
lower initial bacterial density, but this rule does not apply as between 
waters of different types and intensities of pollution. With varying 
temperature of incubation the maximum was reached earlier but was 
not necessarily higher at the higher temperature. The author also 
studied the decreasing leg of the curve to which we need make no further 
reference at this point. With regard to the general fact of the initial 
increase upon storage he investigated many factors of possible influence 
such as the nature and size of the containing vessel, presence or absence 
of an air surface, exposure to light, occasional agitation of the sample, 
without developing any causative relations. Centrifuging or filtering 
the sample before incubation materially increased the tendency of the 
bacteria to multiply. 

In a short contribution, Heukelekian * reports experiments upon a 
screened sewage, diluted with phosphate buffer water in ratios down 
to 0.5 per cent and incubated at 20° C. Results were obtained which 
are quite consistent with those already described, in particular as to 
the general relation between the ratio of increase and the dilution. 
The work is interesting because various other possible contributing 
factors were investigated in this case. The author paid particular at- 
tention to the initial D.O. content, the numbers and type of protozoa 
present, and the possible influence of phosphate or potassium ions. He 
finally rests his case upon the same basis as that adopted in the earlier 
Cincinnati work by Butterfield and Purdy, namely, that for any given 
concentration of nutrient material there is a self-imposed upper limit 
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of the bacterial density, and that with dilution this upper limit is not 
reduced as rapidly as the reduction in nutrient concentration. 

Returning now to the general conclusions of the present work of 
Hoskins and Butterfield, the authors have returned to their thesis of a 
year ago in explanation of the phenomenon of increase following dilu- 
tion; namely, dilution reduces both protozoa and bacteria by the same 
ratio but the combination of reduced numbers and shorter generation 
time of the bacteria as compared with the protozoa gives an advantage 
to the former, resulting in an initial and temporary increase. 

This explanation is ingenious and harmonizes many of the experi- 
mental and field observations which have been accumulated at Cincin- 
nati. In view of all the experimental facts, which have now been gath- 
ered, however, it seems to be inadequate. It appears to the reviewer 
that the fundamental fact in this series of events is that in a given 
medium the bacterial density reaches a self-limited maximum which is 
a function of the nutrient concentration. One eannot avoid the sus- 
picion that this phenomenon (which is as yet without adequate expla- 
nation) underlies all the varied data herein reported. Neither Butter- 
field nor Heukelekian specifically referred the observed increases in 
their undiluted waters to a change in the protozoal population. The 
latter specifically disclaims this possibility. But the undiluted samples 
are clearly a part of the orderly and consistent scheme in which dilu- 
tion is only one variable factor, as is beautifully illustrated in Hoskins’ 
and Butterfield’s Illinois River series. The practical effect of dilution, 
as the authors point out, is of great significance in our general theory 
of self-purification of streams, but the further studies which they sug- 
gest as being desirable will, we feel confident, eventually give us a much 
more satisfactory understanding of these important phenomena. 

Stream survey activities are represented in two publications during 
1933 of work done in previous years by the U. S. Public Health Service. 
Each of these is a re-survey, so that the data have the double advantage 
of representing a present-day situation and also a trend. In the ease of 
the Ohio River a comparatively brief but quite satisfactory re-survey is 
reported by R. Crohurst.1% 

Since the 1914-16 survey there have been a number of changes in 
the hydrography, including two additional dams or a total of four be- 
tween Cincinnati and Louisville, and an increase in the height of the 
dam at Louisville. There have also been material changes in popula- 
tions and presumably changes in the extent and character of industrial 
waste pollution. The most striking change in the resulting condition 
is that associated with lower velocities, especially at the upper end of 
the section, and which has resulted in general in concentrating the self- 
purification. The net effect is that the immediate results of pollution 
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have been aggravated but the end results as measured at Louisville have 
been improved. The actual rates of bacterial decrease between Cin- 
cinnati and Louisville are quite similar to those observed during the 
earlier years although during the summer months the rate has been 
somewhat lowered. This observation accords with many others as to 
the effect of bacterial density upon the rate of decrease. The effect of 
dilution by a less polluted stream (discussed earlier in this section) is 
also recorded in this survey. The net effect of the canalization of the 
Ohio River, which is now completed, has complicated rather than simpli- 
fied the problems of pollution and even the measurable improvement in 
bacterial pollution as related to water purification has been largely off- 
set by additional plankton growths with accompanying shorter filter 
runs. 

A second re-survey is that recently reported on the Potomac River 
at Washington.’°? Here again useful comparative data are presented 
between the conditions of 1913-14 and those of 1932. The most signifi- 
eant feature of this report, as it was of the earlier study, is the evidence 
presented of the very important role played by the so-called ‘‘flats’’ in 
the reaeration and self-purification of a heavily polluted stream. Tidal 
conditions result in an ebb and flow, over these extensive areas of shal- 
low flowage of a considerable tidal prism twice daily. Extensive 
growths of reeds provide quiescent conditions and facilitate sedimen- 
tation. They also furnish a lodging place for enormous growths of 
plankton, which act as a most efficient purification mechanism. 

The condition of the Potomae River at and immediately below 
Washington has evidently grown progressively worse as is clearly indi- 
cated in the comparative data. The efficiency of the flats as purifying 
mechanisms has become correspondingly more striking. At the point 
of maximum oxygen depletion just below the city, the average oxygen 
values were 15 and 26 per cent of saturation for the surface and bottom 
water respectively. Four miles below the values were 65 and 60 per 
cent, respectively. At the same time there was a reduction of bacteria, 
and of the coli-aerogenes group in particular, of about 99 per cent. 

This situation probably represents one of the most striking examples 
recorded of an intense rate of self-purification induced by purely nat- 
ural agencies. 

A suggestive piece of research has been reported by Wooldredge and 
Standfast *°° relative to the biochemical mechanism of the oxidation of 
pollutional matter in streams. The authors repeated and confirmed 
the many previous studies showing the essential relation of bacteria to 
this phenomenon. They are, however, apparently unaware of the work 
of the Publie Health Service group at Cincinnati, especially with regard 
to the significance of protozoa. An important suggestion however 
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comes from their observation that a suspension of Ps. fluorescens, kilied 
with formaldehyde but retaining active indo-phenol oxidase and dely- 
drogenases, actively promotes the B.O.D. reaction. Their conclusions, 
relating to both sewage treatment and natural self-purification in 
streams, are: ‘‘The most important factor in sewage purification is a 
series of catalysed oxidation-reduction reactions, determined by _bac- 
terial enzymes present in either living or dead bacterial cells, or liberated 
by them into the fluid of the reacting system.’’ 

While this thesis probably merely states a fact almost self-evident to a 
bacteriologist, to whom most of the so-called biochemical reactions ap- 
pear to be due directly or indirectly to enzymes, it does present a novel 
point of view to sewage investigators and, in its specific evidence as to 
the nature and distribution of the enzymes involved, opens up certain 
possibilities for further study. At present however the results should 
be taken as merely preliminary and suggestive. 


RELATION OF POLLUTION TO WATER SUPPLY AND SHELLFISH 


Citing two cases of his own experience in which sewage banned from 
a stream by a river pollution board had been disposed of through vertical 
drainage to chalk formations from which domestic water supplies were 
being pumped, J. F. Haseldine **® expressed the essential thought that 


there should be cordial cooperation between river pollution boards, river 
conservancy boards and water supply authorities, 

The year 1933 is conspicuous because of proposed action in conserva- 
tion and equitable allotment of water resources. Studies of a scientific 
character upon which to plan such activities appear to have taken prec- 
edence over the usual stream pollution investigations and water puri- 
fication improvements as they have been known. Inventories of private, 
municipal, State and Federal water supplies are being taken. Streams 
are being classified for drinking, recreation, industrial processing, waste 
carriage, ete. Purification processes are being modified to fit potable 
and industrial requirements. Streams are being stored to correct peri- 
odie deficiencies and floods. Ground water resources, fluctuations, chemi- 
eal characteristics and possible control methods are being studied. 

The Report of the Water Resources Commission of Maryland 1"! em- 
phasizes the absence of regulation in the development of water resources 
and the lack of continuous recording of stream flow. The Commission 
completed a comprehensive inventory of the water resources of Maryland 
and their use for all purposes. Fifty-three public water supplies are 
taken from streams of the State for a total population of 1,600,000 of 
which about 500,000 are in the District of Columbia. Of a total of 1,240 
million gallons per day of surface water used, 252 m.g.d. are used for 
public water supply, 59 m.g.d. for industry and 928 m.g.d. for steam 
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power. Less than 14 m.g.d. are obtained from ground water. 183 m.g.d. 
of sewage, more than half of which is untreated, are discharged into the 
Chesapeake Bay and its tributaries. The Susquehanna River receives 
pollution from towns in Pennsylvania and New York. The Potomac and 
its tributaries provide outlets for considerable sewage and industrial 
wastes from Pennsylvania, Virginia, and West Virginia. The total 
minimum water requirements by 1950 are estimated at not less than 1,500 
m.g¢.d. The Commission is given general powers to formulate a water 
conservation policy, to control the use of water and to provide for con- 
tinuity of stream gaging and supervision of dams and other obstructions. 

L.. E. Meinzer '!* noting improvements in ground water development 
reminds us that about 6,500 public water supplies out of a total of about 
10,000 in this country are derived from ground water and that from 
fifty to fifty-five million persons are served by these or by private wells. 
The writer deseribes progress in the technique of ground water investiga- 
tion with reference to the work of the U. 8. Geological Survey. Methods 
of estimating the capacity, rate of recharge and perennial yield of under- 
eround reservoirs, to prevent over-development and contamination have 
been developed, and hydrological surveys, eventually to cover the whole 
country, will furnish the basic data for future ground water projects. 

M. Neisser ™* points out that increased water consumption in Ger- 
many has led to inereased development of surface water supplies and of 
methods for the purification of surface waters. Imbhoff’s1'* theories on 
the practical application of the water-sewage-water cycle are discussed. 

Streeter > summarizes and compares the results of investigations in 
an experimental water treatment plant and of observations on the opera- 
tion of plants treating Ohio River and Great Lakes water. The relation- 
ship between the bacterial quality of a water before and after treatment 
appears to be governed by a fundamental law applicable to individual 
processes and to combinations of processes and analogous to the law 
governing adsorption phenomena. This law limits the average quality 
of an effluent obtainable by a particular treatment from a raw water of 
a given average degree of pollution, and, conversely, the maximum pollu- 
tion of a raw water from which an effluent of specified average quality 
can be obtained. Pre-filtration treatment obtainable particularly by pre- 
chlorination, longer sedimentation, pH control of coagulation and long 
storage are indicated as methods of obtaining higher purification ef- 
ficiencies. The author suggests increased attention to palatability and 
wholesomeness along with bacterial quality. The probable relationship 
of water-borne diseases to the presence of toxic substances and the 
desirability of more attention to pre-treatment and methods of protection 
by sewage and trade waste treatment are emphasized. 
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Crohurst ''® in his study of the Mississippi River found that ‘he 
maximum effect of pollution was about 15 hours’ flow below the sewers, 
‘This result is in agreement with previous stream pollution investigations. 
Summer rates of bacterial decrease were found to be from one to four 
times the winter rates, thereby confirming seasonal temperature effects 
on rates of natural purification found in the ease of other stream studies, 

Earle B. Phelps and Clarence J. Velz**7 made a more complete 
analysis of dissolved oxygen depletion in New York Harbor than has 
ever been previously attempted, to determine the Hudson River influence 
and the effect of shifting population and partial sewage treatment before 
discharge. The complex system of pollution, tidal circulation, re-aera- 
tion and self-purification were analyzed in an endeavor to arrive at a 
formula to express the relation between any assumed extent and distribu- 
tion of pollution, the run-off of the Hudson River and resultant condi- 
tions in the Harbor. 

George G. Nasmith™® presented an admirable discussion of the 
chemical, bacteriological and biological changes which oceur during the 
processes of natural stream purification and their application to sewage 
treatment devices. He emphasized the value of lakes and artificial ponds 
(German experience) for intensifying nature’s water purification proc- 
esses and directed special attention to the effects of concentrated pollu- 
tion on water treatment devices (New York experience on the Niagara 
River, March, 1933) and the possible effect on water consumers as ex- 
perienced along the Ohio River during the gastro-enteritis outbreak in 
1930-1931. 

The use of chlorine with or without ammonia and activated carbon 


is augmenting algae and micro-organisms control in lakes and _reser- 
voirs by copper sulphate and eliminating foul smelling basin sludge, 
odors and tastes in the water and dirty filter sand. Pre-chlorination is 


in general application to reduce bacterial load. 

In the field of taste and odor control experiments of G. D. Noreom 
at Chester, Pa., indicate economies in the substitution of ‘‘bleaching 
elay’’ for other methods of eliminating tastes and odors caused by in- 
dustrial wastes, especially oil refinery and gas and coke works wastes. 
Dosages varied from 0.10 to 0.80 g.p.g. and averaged 0.34 g.p.g. The 
clay is said to aid the formation of a dense, strong, absorbent floe with 
alum which adsorbs chlorine, thus preventing decomposition of settled 
sludge. The average cost of treatment is 39 cents per million gallons 
with the cost of the clay at $16.00 per ton. The Report '*° of the Com- 
mittee of the A. W. W. A. on Control of Tastes and Odors in Public 
Water Supplies summarizes experiences in twelve states in treatment for 
taste and odor control. Pre-chlorination is more widely used in New 
York State than any other single process. In Pennsylvania it is less 
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extensively used, and still less in Ohio. In the Middle West and South 
it is very little used. Possibly because of the peculiar advantage in the 
maintenance of higher residual chlorine vatues throughout the distribu- 
tion system a large increase in the use of the chlorine-ammonia process 
is noted. Powdered activated carbon, either alone or in conjunction 
with other methods, is indicated as the most universally applicable taste 
and odor control measure now available. Potassium permanganate, 
super and dechlorination, chlorination for hydrogen sulphide removal 
and ozone are not used in sufficient installations to warrant their con- 
sideration as general control measures. Excepting ozone, each has been 
tried experimentally at some plants with little suecess. The great need 
of adequate taste and odor control tests and standardized specifications 
for activated carbon is apparent. 

S. T. Powell 1** in discussing the enormous economic losses in this 
country caused by depreciation in the quality of water due to the recent 
drought shows that the Delaware River was found to inerease in hard- 
ness from 25 to 30 p.p.m. at flows from 30 to 50 million cubie feet per 
second to 95 p.p.m. at flows from 4 to 5 thousand cubic feet per second. 

The increasing demand for color, iron and manganese free water has 
developed numerous research studies to eliminate these undesirables from 
treated supplies for the industrial as well as the domestic consumer. 

T. R. McCrea *** has succeeded in removing color and organically 
bound iron from probably the highest colored water known. Water from 
the Great Dismal Swamp supplying Elizabeth City, N. C., after much 
experimentation, is being successfully delivered color and iron free to 
the consumer. Potassium permanganate in relatively small doses sup- 
plements chlorinated copperas treatment. The treatment is economical 
and practical. 

Carl Zapffe’s 1° complete review of the studies made in the removal 
of manganese of water since its earliest discovery seems to be a most 
helpful development of the subject that has appeared during the year. 
The studies are historically grouped. Concerning the most recent de- 
velopments Zapffe deals with the experiences at Brainerd, Minnesota, 
where a water treatment plant was designed purely for manganese re- 
moval. The treatment comprises upward filtration through a bed of 
pyrolusite and subsequent filtration and aeration through a coke bed. 
Thence the water is discharged on an open sand filter. The final effluent 
is free of iron and manganese. 

The most recent outstanding investigation of stream pollution in the 
interest of shellfish was made by Earle B. Phelps and Ellis K. Phelps. 

As presented in the Proceedings of the 1932 Fall Meeting of the 
New York Sewage Works Association the object was to determine the 
geographical extent and intensity of sewage from specified sources over a 
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tidal area in which shellfish interests and bathing beaches were involv:d 
and in which pollution from other sources had also been present. 
recording the time of sampling the waters in lunar hours (time aficr 
high tide), the results of bacterial examination at 8 selected stations 
made daily over a six weeks period could be averaged by two hour perio«s 
to obtain a picture of the influence of tidal circulation. Thus the in- 
dividual effect of pollution from the various sources could be detected. 
Float studies were used to augment the interpretation of these data. 
During a second six weeks period similar examinations were made, while 
the sewage plant effluents from the specified sources were being chlorin- 
ated. As a seasonal control a third period was followed through under 
conditions similar to those in the first period. A study of the changes 
between period one and period two produced quantitative values in addi- 
tion to the qualitative data obtained by the tidal variations. The in- 
tensity of pollution from the specified sources and its relative value with 
respect to pollution from all sources were thus determined for each of 
the eight stations over the basin. Twelve days after commencing chlorin- 
ation of the settled sewage there was a 99 per cent improvement in the 
water at the harbor outlet as measured by the presumptive B. coli test. 
It is the opinion of the authors that shellfish should be grown in clean 
waters regardless of any degree of assurance that chlorination of the 
sewage would eliminate danger of disease propagation. 

Carl E. Green *** disclosed the rapid growth of the oyster industry in 
Washington, Oregon and California, notably in Washington, as a result 
of the importation of seed oysters from Japan. Details of necessary 
pollution control measures to provide for this type of oyster are outlined. 
The Japanese variety is more hardy and grows to marketable size in 
from 11% to 3 years instead of from 3 to 5 years required by eastern 


oysters, principally because it passes far greater volumes of water 
through its gills than do the native or eastern species. 
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A FORMULATION OF BACTERIAL CHANGES 
OCCURRING IN POLLUTED WATER 
By H. W. STREETER 


Sanitary Engineer, U. S. Public Health Service, Third and Kilgour Sts., 
Cincinnati, Ohio 


Several years ago, in connection with an extensive laboratory surve) 
of the Ohio River, conducted by the U. 8S. Public Health Service, under 
the direction of Dr. W. H. Frost, an intensive study was made of the 
progressive changes in bacterial content associated with natural puri 
fication of the river in a stretch 123 miles long, extending from a point 
immediately below Cincinnati to a point immediately above Louisville. 


Concurrently with these observations, a series of tests was made of the 
bacterial changes occurring in samples of the river water, when col- 
lected at the upper and lower terminals of this same stretch and stored 
in the laboratory at three different temperatures, 10°, 20° and 37° C. 
The primary object of these tests was to ascertain whether the course 
of bacterial changes observed in the stored samples tended to follow 
closely those which occurred in the river at about the same temperatures, 
so that the trend of natural purification could be traced by incubating 
samples of river water under standard conditions. 

The results of these tests, which have been summarized recently in 
connection with a paper by Butterfield,* diverged in two respects from 
those of the river observations, which have been discussed fully in a 
general report + of the Ohio River survey. The bacterial content of the 
stored samples showed in every case an initial rise much greater than 
that observed in the river, and though this increase was followed in both 
instances by an orderly decrease, the latter was decidedly more rapid 
in the river under summer conditions than it was in the stored samples 
collected during the same period. During the winter period, however, 
the general trend of both the river and the stored sample curves through- 
out their phases of decline appeared to be fairly similar. 

In the hope of clarifying some of these points, the writer undertook 
a mathematical analysis of the stored sample curves, somewhat parallel 
in scope and viewpoint to a similar analysis previously made of the 


*C. T. Butterfield: Observations on Changes in Numbers of Bacteria in Pol- 
luted Water, THIS JOURNAL, 5, 600-622 (July, 1933). 

t A Study of the Pollution and Natural Purification of the Ohio River. II. Re- 
port of Surveys and Laboratory Studies, Public Health Bull. 143, U. S. Publie Health 
Service. 
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curves obtained from the river observations.* The results of this 
analysis together with a comparison of the stored sample curves with 
those obtained from the river observations, are discussed in the present 
paper. 

In order to provide a basis for illustrating both the general trend of 
the data and the results obtained from their mathematical formulation in 
connection with this study, two short tabulations of specimen data have 
been prepared, as shown in Tables I and II, in which the numbers of 
bacteria observed after various periods from the start have been ex- 
pressed as their ratios to the initial numbers, the latter taken as unity. 


Tasie I.—Average Numbers of Bacteria, Expressed as Ratios to Initial Numbers, Observed 


in Samples of Ohio River Water Collected at Stations 475 and 598 throughout the 
Year, and Stored at Three Different Temperatures, 10°, 20° and 37° C, 
(48-Hr. Gelatin Counts, 20° C.) 


° ; m Pa | ;. ‘ 5 ‘ tice 
Ohio River Station 475, Ohio River Station 598, 
Storage ‘ is at 
th Storage Temperature | Storage Temperature 
eriod, 








Days 


ro. | eo. | we 





1.00 1.00 | 1.00 
1.64 2.07 1.41 
3.79 3.04 | 2.58 
3.91 | 2.96 | — 
3.86 2.04 | 16.40 
1.92 450 | 12.20 
1.10 2 — 
| — 4.64 
301 104 | 237 
173 014 1.15 
056 009 | — 











Table I has been prepared from 20° C. gelatin count data given in full 
in Butterfield’s paper, being based on averages of observations made 
throughout the year at three temperatures of storage, on samples col- 
lected at two stations in the Ohio River, one (Station 475) being located 
immediately below Cincinnati and the other (Station 598) immediately 
above Louisville. In Table II are shown corresponding ratios based on 
observations made directly in the Ohio River during the summer periods 
of 1914-15-16, in a stretch extending downstream from Station 475 to 
Station 598. The data for this tabulation have been taken from. the 

For a full description of the latter analysis, see Public Health Bulletin 143, 
Section VI, part 2, pp. 278-335, 
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TABLE I].— Average Numbers of Bacteria, Expressed as Ratios to Initial Numbers, Obses ved 
in the Ohio River Below Cincinnati at Various Times of Flow Below the Sewer 
Outlets During the Summer Period, April—November, 1914-15-16 











Ratio to Initial Numbers, in Terms of: 





Mean Time from = |—————_—____—— 

Sewer Outlets, | Gelatin Count, | Agar Count, B. Coli 

Days 48 Hours, | 24 Hours, , 
20°C. 


Index 


1.00 
.874 

1.09 

1.09 
882 
843 .020 
992 310 
.326 .201 
.149 101 
.052 .040 
.017 .012 
.012 .0073 
.010 .0062 
.0041 .0022 
.0011 .0008 
.0009 .0007 .0008 














report * of the Ohio River survey to which previous reference has been 
made. 

An inspection of these two tables shows a very similar trend of the 
data in every case, with a few irregularities which do not materially 
alter the picture presented. To indicate this trend more clearly, Figure 
1 has been drawn from the results given in Table I, the curves being 
smoothed to permit more ready formulation, and being extended only 
for a period of 12 days from the start, which is sufficient to show typical 
sections of them well beyond their maximum erests. In this, as well as in 
the succeeding charts, the ordinate seale has been made logarithmic, in 
order to show directly the proportionate trend of the bacterial changes 
with time, which is represented by a linear abscissa scale. With this 
‘‘semi-logarithmic’’ form of plotting scales, a strictly logarithmic rate 
of bacterial change would be indicated by a straight line, sloping upward 
or downward according as the change were in the direction of an in- 
crease or in that of a decrease. 


* Loc. cit., Table 117, page 288. 
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Fic. 1—Progressive changes in bacterial content observed in stored samples of 
Ohio River water at stations 475 and 598, based on yearly average results from 
48-hour gelatin counts at 20° C. 


COMPARATIVE TREND OF BACTERIAL CHANGES IN STORED SAMPLES AND IN 
RIVER 

In order to give an idea of the relative trend of bacterial changes 
observed in the stored samples and in the river, under comparable con- 
ditions of temperature, Figure 2 has been drawn, showing two curves, 
one based on the results obtained from samples collected at Ohio River 
Station 475 during the summer period and stored in the laboratory at 
20° C., and the other from direct observations in the Ohio River below 
Cincinnati during the same seasonal period, when the mean river tem- 
perature approximated 20°. (See Table IT.) 

On referring to Figure 2, the two points of disparity noted by But- 
terfield * as existing between the trend of bacterial changes observed 
in the river and in the stored samples are clearly indicated. Thus the 
initial increase in bacterial content is shown to be much less in the river 
than in the stored samples, and the rate of decrease beyond the maximum 
point measurably greater. 


*C. T. Butterfield: Experimental Studies of Bacterial Death Rates in Polluted 
Waters, Jour. Bact., Vol. 16, No. 4, p. 257 (Oct., 1928). : 
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In contrast to the divergence observed between the downward lim)s 
of the river and stored sample curves under summer conditions was tlie 
substantial agreement noted between them under conditions of tlie 
winter months. This is illustrated in Figure 3, in which the descending 
limbs of the river and stored sample curves corresponding to those 
shown in Figure 2 have been drawn from data obtained during the 
winter period, when the mean river temperature was about 5° C. In 
order to bring the two curves to a roughly parallel basis of temperature, 
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Fig. 2.—Comparative changes in bacterial content observed in stored samples of 
Ohio River water at 20° C. and in the Ohio River below Cincinnati under summer 


conditions at about same temperature. 


the stored sample curve shown has been derived from tests made on 
Station 475 samples stored at 10° C., which was slightly higher than the 
corresponding river temperature, but sufficiently close for purposes of 
comparison. These curves are based on results obtained from standard 
gelatin counts made at 20° C., as in the preceding charts. 

In Figure 3 it will be noted that the river and stored sample curves 
derived from the winter observations follow a much more nearly parallel 
trend than do the downward limbs of the summer curves in Figure 2, 
the river curve lying slightly above the corresponding stored sample 
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curve, rather than well below it, as in Figure 3. In undertaking to 
interpret this variance in the behavior of the summer and winter curves, 
the most important factor appeared to be the well-marked difference 
existing between conditions of flow and run-off in the river during the 
two seasons, which would be expected to influence progressive changes 
in the bacterial content of the river but to have no effect on those ob- 
served in the stored samples, as the nature and method of the latter tests 
would preclude such a possibility. During the greater part of the sum- 
mer period, relatively low river stages prevailed, with conditions favor- 
able to sedimentation. During the winter period, however, higher river 
stages and run-off into the river resulted in a minimum of sedimentation 
and, during a considerable part of the time, in a certain degree of 
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lig. 3.—Comparative changes in bacterial content observed in stored samples of 
Ohio River water at 10° C, and in the Ohio River below Cincinnati under winter con- 


ditions at about same temperature. 


channel scour and inflow, which tended not only to offset any sedimenta- 
tion but also to produce at times an opposite effect. 

A fairly reliable quantitative index of the variable effects produced 
on the suspended matter content of the river, and hence on its bacterial 
content, was found in the progressive changes in turbidity observed in 
the river during the winter and summer periods. As a rough measure 
of these changes, the monthly average ratios of river water turbidities 
observed at Station 598 to the corresponding turbidities observed con- 
currently at Station 475 and at Station 543, the latter being located 
about midway between the two terminal stations, were correlated with 
velocities and times of flow in the river as measured between the re- 
spective stations during each month.* Under winter conditions, these 


* See Public Health Bull. 143, pp. 149-153. 
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turbidity ratios were in general approximately equal to or in excess of 
unity, indicating either no change or a progressive increase in the sus- 
‘pended matter content of the river, whereas during the summer period, 
except for minor periods of local rains, the ratios were less than unity, 
indicating a decrease in the suspended content of the water in passing 
downstream. Under summer conditions a well-marked degree of corre- 
lation was shown between the ratios thus observed and the correspond- 
ing velocities and times of flow between the points of observation. 

Assuming that a given degree of reduction in turbidity between iwo 
points in the river would be marked by a roughly corresponding reduc- 
tion in the bacterial content due to suspended matter change, the 
ordinates of the observed summer curve of bacterial decrease in the river 
beyond the point of maximum bacterial concentration were corrected 
for this change, by dividing them by the turbidity ratios observed for 
corresponding times of flow. The resulting bacterial curve, if properly 
corrected, should show the extent of bacterial decrease in the river which 
might be expected to occur with no change in suspended matter. Al- 
though the assumption on which this method of correction was based 
was only a rough approximation to the truth, it appeared justifiable as a 
trial procedure in view of the fact that in artificial water purification 
processes involving sedimentation the physical reduction in bacterial 
content of a water tends to follow closely the concurrent reduction in 
turbidity. 

The results of applying this kind of correction to the summer river 
curve are illustrated in Figure 4, in which Curve A is the uncorrected 
curve of bacterial decline in the river, Curve B the corresponding curve 
of turbidity decrease, and Curve C the corrected river bacterial curve, 
obtained by dividing the ordinates of Curve A by the corresponding 
ordinates of Curve B. For comparison with the corrected river curve, 
the descending limb of the stored sample curve obtained from samples 
of Ohio River water collected at Station 475 during the summer period, 
with a storage temperature of 20° C., has been drawn as Curve D. For 
periods of time ranging up to about 6 days, the agreement between 
Curves C and D is remarkably close. For longer periods, their propor- 
tionate divergence is more marked, though small in terms of actual 
numbers and much less than that which is shown between both of these 
curves and the uncorrected river curve, A. A similar plot based on 
parallel data obtained from the standard 37° C. agar counts gave sub- 
stantially the same result, except for a slightly greater divergence be- 
tween curves C and D for periods less than 6 days. 

The foregoing results, when considered in conjunction with the 
nearly parallel trend of the winter curves in Figure 3, suggest very 
strongly that the higher rates of bacterial decrease observed directly in 
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the Ohio River during the summer period, as compared with those noted 
concurrently in the stored samples of Ohio River water, were due very 
largely to the effects of sedimentation of the suspended matter and 
bacterial content of the river. If the corrected curve of bacterial de- 
erease represents an approximation to that of the true bacterial death 
rate in the stream, it would appear that this true rate probably is in- 
dicated very closely by the trend of the descending limbs of the stored 
sample curves, when considered as starting at about the point of maxi- 
mum bacterial concentration. 
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Fig. 4.—Correction of observed curve of bacterial decrease in Ohio River below 
Cincinnati (summer conditions) for effect of sedimentation; comparison of resulting 
curve with corresponding stored sample curve at about the same temperature. 


[t perhaps should be pointed out in this connection that the close 
agreement shown between rates of bacterial decrease observed in the 
stored samples and in the Ohio River below Cincinnati, when the latter 
have been corrected for turbidity change, would be expected to prevail 
only in streams like the Ohio, in which a fairly close correlation appears 
to exist between progressive changes in turbidity and corresponding 
changes in suspended matter and bacterial content. In some rivers, 
where this correlation is less definite, the agreement probably would be 
more remote, though hardly conceivable as being altogether absent. 
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EMPIRICAL FORMULATION OF CURVES 


In undertaking to formulate the curves empirically, it was recog- 
nized that the initial stage of bacterial increase represents a transicut 
and probably abnormal condition, due to a temporary disturbance in 
normal biological equilibrium, as suggested by Butterfield,* whereas the 
phase of decline in bacterial numbers following attainment of their 
maximum is characteristic of the normal process of natural purification, 
proceeding in this instance after equilibrium has been restored. For 
this reason, attention was centered first on the decline phases of the 
curves, which incidentally embraced by far the major portion of their 
entire span. 

As it appeared a priori that the progressive decline of bacterial num- 
bers observed both in the stored samples and in the river was due to 
some active suppressive force, or combination of forces, it seemed pos- 
sible that whatever laws might govern the trend of such decline should be 
analogous to those which control more simple phenomena of the same 
kind, such as that of ordinary disinfection processes. 

On referring to previous work on this phase of the subject, it was 
noted that Kénig and Paul had shown as early as in 1897 that the 
mortality of bacteria in an unfavorable environment follows a regular 
course. Chick,t in her experiments on the death rate of B. paratyphosus 
when this organism was exposed to disinfectants, noted the earlier work 
of Ikeda and of Madsen and Nyman, suggesting that pure strains of 
bacteria tend to decline under disinfection at a logarithmic rate accord- 
ing to the formula: 

oe M_K (a constant) 
to — ti “Ye 


or, yi = yo: e—* (tet) 


in which (y,) and (y,) denote the numbers of live bacteria surviving at 
times (t,) and (t,), respectively. She found, however, that with cul- 
tures of B. paratyphosus the death rate proceeded with a progressively 
diminishing value of (A), which she explained as being due to the higher 
resistance of certain individual cells to the action of a germicide than 
others. Scharff, in his study ¢ of the death rate of bacteria exposed to 
ultra-violet rays, likewise noted a diminishing value of (A) in the 
logarithmic rate of decline, after prolonged times of exposure. 

A study of the downward limbs of the bacterial curves obtained from 
both the stored sample and the river observations indicated that they 
were of the same general trend as the curves obtained by Chick and by 
* Loe. cit. 

+ Jour. Hygiene, 8, 655 (1908) ; 10, 237 (1910). 
t Jour. Infect. Dis., 10, 305-320 (1912). 





Vol. 6, No. 2 BACTERIAL CHANGES IN POLLUTED WATER 217 


Scharff, both having a diminishing value of (A) with increased time. 
This tendency is illustrated in Figures 1 and 2 by the progressive de- 
erease in the slopes of the stored sample curves beyond their maximum 
points, thus departing from a straight-line slope which would indicate 
a logarithmie decrease and constant (K). <A further analysis of them 
showed, however, that they could be resolved into two or three different 
and suecessively diminishing logarithmic rates of decline, depending on 





Ne -Ce 1o-*t 
bi aks He ae = e010 
<< = 


“se 
Time (t) (Linear Scare) 





O4noiares (Losarirumic Stace) 





-Aal, ast 


(be-Ce)10*'+ (Ca-de) 10°" + a 10” 


(Ce-aeJio*#* 
Gry. ne 
CF 
\eloe* ie Sa cecrease 

ot 
ce 

% 

\ 


\ 


Time (t) (Linear Scarce) 


> 
_ 
N 
5 
¥ 
; 
kK 
s 
& 
x 
© 
9 
NJ 
M 
S 
N 
Q 
& 
9 

















Fic. 5.—Diagrammatie illustration of derivation of equations (1) and (2), showing 
graphical determination of constants. 


the source of the curve and the mean temperature. The curve itself thus 
consisted of the sum of the ordinates of two or three logarithmic curves, 
each conceivably representing the death rate of a separate group of 
bacteria following a distinctly logarithmic rate of decline. 

The manner in which a composite curve of this type was built up, or 
resolved into its logarithmic components, is illustrated in Figure 5, 
which has been drawn for two different cases, one combining two, and 
the other three, logarithmic rates of decline. In these hypothetical 
graphs, (y) denotes the numbers of bacteria remaining after various 
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times (t), beyond the point of maximum numbers, and the other terms, 
constants as indicated. In the upper section of the chart, the (y) curve 
is composed of the sums of the ordinates of the two logarithmie functions, 
(ba — Ca) *10-"* and ca: 10-*?', which are shown as straight lines because 
the ordinate scale assumed is logarithmic. The lower curve is built up 
similarly, but from three rather than two logarithmie ordinates. 
With the common logarithmic base (10), the equations thus developed 
may be written: 
y = (6, — c.)10-*** + c,-10-** (1) 
y = (6. — c,)10-** + (c, — dq)10-*#* + d,-10-*s (2) 


The progressive decline of bacterial numbers observed in the Ohio 
River stretch below the point of their maximum concentration was found 
to proceed in accordance with an equation identical with (1) except that 
it was expressed in the following form in the report of the Ohio River 
survey: * y==a(10-")+ c(10). In this connection it was pointed 
out f that ‘‘if the assumption of a diminishing rate of bacterial decrease 
is correct, then the curve of decrease might be supposed to be a composite, 
not of two, but of a great number of lines of successively diminishing 
slope; so that the general equation of the type adopted would be of the 
form: 

y = ae~ > + cet «+» + me,” (3) 


It was further noted that this series form of equation, though it can 
be fitted very closely to the downward limbs of the river curves (and 
also, as above noted, to those of the stored sample curves), probably is 
not in fundamental form, as a number of variables not specifically writ- 
ten into the equation may modify the trend of bacterial decrease. 
Among these are the actual density of bacteria and, under natural con- 
ditions, variations in depth, inflow, sedimentation and other physical 
conditions, which have been previously noted. 

To test the rationality of this form of bacterial death rate equation, 
it has been suggested by Professor E. B. Phelps t that if we assume a 
very large number of groups of bacteria having a specific death rate 
varying from (XK) to zero in direct proportion to the sizes of the various 
groups, a simple equation connecting the residual numbers of bacteria 
and the time can be derived as follows. 

Consider time (t) a constant and a group of bacteria (G) made up 
of a large number of subgroups (g), each having a differential death rate 
d(gae-*t), (K) being variable and directly proportional to the size of the 

* Public Health Bulletin 143, 304. 

t Public Health Bulletin 143, 320. 


t Personal communication. 
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subgroup. In the middle of the entire group, (g) would have a value of 
k= 14 K, so that (XK) is linear with respect to (g). 


Ja 
Ja = 24 dg 
0 


da 1 — e-4asat bese Kt 
G= dg-e-t! = ———_—_. = _ g,- —_,—— 
< es at meee: 


G — p—Kt ae —K't 
T 1 € 1 10 (4) 


Let K = ag; whence 


Transposing 


a... 





In Figure 6 are shown two comparative plots of curves based on the 
stored sample data for Ohio River Station 475, expressed in terms of 
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lig. 6.—Comparison between observed curve of bacterial decrease in Ohio River 
below Cincinnati and corresponding curve obtained from equation (4), with assumed 
values of constant (K’). 
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the 20° C. and 37° C. plate counts, together with plots of curves based 
on Equation (4), using the common base (10) and assuming (K’) as 
‘being equal to 1.0 and 1.3, respectively. The approximate agreemeut 
between the actual and calculated curves indicates that Equation (4), 
though not sufficiently flexible to fit the observed data as well as Equa- 
tions (1) and (2), yields curves of the same general form and serves to 
confirm the rationality of the latter. 

In the foregoing connection, it may be further noted that recently 
Setter,* using Chick’s formula of bacterial death rate derived from her 
disinfection experiments, has reported good agreement between curves 
of decline thus developed and actual observations in three polluted 
natural streams. A remarkable feature of Setter’s results is the close- 
ness with which Chick’s formula, with a slight modification of its single 
constant, fitted these observations. As originally developed by Chick, the 

; Sue : dn — 
bacterial death rate under disinfection was expressed as — ae nn 
in which (n) denoted the variable numbers of bacteria and (t) the time. 
Setter found that, by changing the value of the exponent from 1.5 to 1.4, 
a very fair agreement with the river observations resulted. 

In the present study, a much closer fitting of the stored sample and 
Ohio River curves of decline was obtained with the series type of equa- 
tion given in (1) and (2) than with either the more simple Chick 
formula or the modification suggested by Phelps, doubtless because of 
the greater flexibility of the series equation, with its greater number of 
constants. The general agreement shown, however, between Chick’s 
disinfection curves and those representing bacterial decline under the 
influence of natural purification is highly significant of the fundamental 
similarity which appears to exist between these two different phenomena. 

Formulation of Complete Curves.—In connection with the report of 
the Ohio River survey, Dr. Frost and the writer, with the assistance of 
Dr. L. J. Reed, undertook to formulate a general equation for the curves 
of bacterial change observed in the Ohio River below Cincinnati, in- 
eluding the slightly crested portions defined by the initial increase in 
bacterial numbers observed within a few hours below the sewer outlets 
(see Figure 2). The form of equation developed, which was suggested 
by Dr. Reed, was as follows: 


b 
1 es 
te + (cx + d)e** 
*L. R. Setter: A Comparison of the Pollution and Natural Purification of the 
Connecticut and Delaware Rivers and Brandywine Creek. New Jersey Agric. Expt. 
Sta. Bull. 545, 35-37, June, 1932. 
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in whieh (y) denotes the numbers of bacteria after time (x) from the 
start and (a), (b), (ce) and (d) represent empirical constants.* 

Although equations of this type were found to fit the river data fairly 
well, they were not sufficiently flexible to conform to the stored sample 
curves. Moreover, the actual process of fitting curves of this type was 
laborious and time-consuming, as it permitted no graphical approxima- 
tions. These considerations led to an effort to formulate the curves 
along the same empirical lines as had been followed in deriving equations 
(1) and (2), the constants for which could be determined very readily 
and with a fair degree of accuracy by a simple graphical method such as 
that illustrated in Figure 5. Advantage could be taken of the fact that 
beyond the maximum points the curves defined by the new equations 
would coincide with those yielded by Equations (1) and (2); hence the 
new equations would include terms identical with those of (1) and (2) 
and. in addition, a new term defining the growth phase of the curve 
prior to reaching the maximum point. 

From a study of a number of representative curves obtained from the 
stored sample tests, it was found that if plots of Equations (1) and (2) 
were projected backward from their previous time origin at the maxi- 
mum point to a new origin located at the true starting point of the curve, 
the arithmetical differences between the ordinates of such an extended 
curve and the corresponding ordinates of the actual curve at the left of 
the maximum point were definitely related to a function of time, as 
measured from the initial point of the curve. In Figure 7, illustrating 
the method followed in deriving the full equations of the crested curves, 
the extension of the curve of bacterial decline, as given by Equation (1), 
back to the true origin of the curve is shown by Line A, which is made 
up of the sums of the ordinates of the two logarithmic functions repre- 
sented by Lines B and C, as in Figure 5. The shaded area represents 
that which is eut off by the ordinate differences between Line A and the 
actual bacterial eurve, which starts with the ordinate (y.), which in the 
plot has been taken as unity. At the origin of the curve this difference 
is equal to (ba-—— Ya) and it diminishes with time (¢) according to the 
function (ba — Ya) 10-**", which has been found by trial to hold for all 
of the stored sample and river bacterial curves to which the formulation 
has been applied. <A plot of this function, which is represented by the 
line D, shows that although it never reaches mathematical zero, it prac- 
tically disappears at a point near the maximum crest of the curve, where 
Line A merges with the actual curve and thereafter shapes its phase of 
decline. 

For a complete description of this equation and of fitting it empirically to the 
river data, see Public Health Bulletin 143, 290-298. 
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Fic. 7.—Diagrammatic illustration of derivation of equation (5), showing graphical 
determination of constants. 


The full development of the two equations fitting the actual data, one 
of which is given in connection with Figure 7, may be stated in general 


form as follows: 


y = [(ba — ca) 10-** + ¢g-10-*2*] — (ba — ya)10-*" 
(Ya — ba)10-*" + [ (ba — €a)10-** + q+ 10-*#*] (5) 


= [(ba — Ca)10~-** + (cg — da)10-*2* + da-10-*8*] — (ba — ya) 10-*" 

(Ya — b.)10-*" + [ (ba — €a)10-*1* + (eg — da) 10-*2¢ + dg: 10-*8'] (6) 
In these equations, (y) denotes the numbers of bacteria after times (f), 
(Ya) their initial numbers, and the other constants except (n) the same 
as in equations (1) and (2), which it will be noted are identical with the 
terms within the brackets [ | in equations (5) and (6). The term (n) 
is a constant, the value of which determines the sharpness of crest of the 
bacterial curve. 

The actual fitting of Equations (5) and (6) to the observed data can 
be done graphically, as in the case of the downward limbs of the curves 
illustrated in Figure 5. At the left of the maximum point of the curve, 
the differences (ya — ba) are sealed from a plot of the curve. If we de- 








hical 


one 
eral 


(6) 
(t), 


ume 
the 
(n) 
the 


can 
"ves 
rve, 

de- 


Vol. 6, No. 2 BACTERIAL CHANGES IN POLLUTED WATER 


note these differences by the symbol (ya), then we have: 


Ya ee 
eae = 1Q-*" 
wa ba 

whence 
Ya 
] pee eee a), Jaen 
ea is t 


and thenee 


ve en ‘i 
log (log rages =) n log t — log k 


By plotting values of log (lox —Y-) against corresponding values of 
a a 
(log ¢), a straight line is obtained, the slope of which fixes the value of 
(n) and the intercept on the zero time axis the value of (log k). 
Numerical Values of Constants —From a number of plots of the 
stored sample and river curves, similar to those shown in Figure 1 but 
extended for longer time periods, values of the constants in Equations 
(5) and (6) have been derived, following the graphical method above 
described. In order to illustrate the range and general trend of these 
constants, numerical values obtained from plots of the data given in 
Tables I and II have been summarized in Table III, omitting those based 
on the stored sample curves at Ohio River Station 598. All of the 
curves represented in Table III are of the type conforming to Equation 
(5); hence their values may be directly compared. 


Taste I1I].—Numerical Values of Constants in Equations (5) and (6) for Curves Plotted 
from Data Given in Tables I and II 








(1) Stored Sample Observation, 20° C. Counts, 
Yearly Averages, Ohio River Station 475 (Table I) 


Storage Temp.: 





°C..............., 036 | 030 | 0.015 5 0.015 
eee. wa ee, 0.017 
2.16 | 0.80 | 0.060 0.060 





) Ohio River Observations, 
Summer Averages (Table II) 





C. Counts........ | 0.34 | 0.36 | 0.063 | 1.46 32 | 0.025 
7°C. Counts........ 0.38 | 0.36 | 0.076 | 1.78 6 0.031 
B. Coli Index........| 1.70 | 0.36 | 0.083 | 1.10 2.74 | 0.026 
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In the three series of constants derived from stored sample data tor 
Ohio River Station 475, the effect of increased temperature of storage is 
‘apparent in the trend of the several constants. Thus it is noted that the 
value of (4) inereases throughout the entire temperature range and those 
of (k,) and (k,), sharply between 20° and 37° C. 

Comparison of the constants derived from the stored sample curves 
with those obtained from the direct observations in the Ohio River below 
Cincinnati shows that, beyond the maximum point of bacterial density, 
the primary rate of decline, which is given by the constant (k,), was 
practically the same in the river as in the stored samples at 20° C. The 
secondary rate, however, which is indicated by the value of (k.,), was 
markedly higher in the river than in the stored samples, reflecting the 
divergence between the two rates shown in Figure 2 under summer con- 
ditions, with prolonged time periods beyond the maximum point of the 
eurves. It also will be noted that the values of the constants for the 
eurves defined by the three different groups of bacteria in the river ob- 
servations were fairly consistent among themselves, except for slight 
deviations in those based on the B. coli data. 

In connection with Table III, it may be of interest to note the effect 
of correcting the summer curve of bacterial decline in the river for tur- 
bidity change resulting from sedimentation, as done in connection with 
Figure 4. In the following tabulation, values of the constants (k,), 
(k,), (ba — a) and (Ca) in Equation (1) are given for Curves A, C and 
D in Figure 4, the first representing the uncorrected rate of decline in 
the river, the second the corrected rate, and the third the corresponding 
rate in the stored samples from Station 475 at 20° C.: 


(ky) (ke) (ba — Ca) | (Ca) 

eee 0.38 | 0.099 | 0.97 | 0.028 

eee 0.33 | 0.062 | 0.93 | 0.070 

SS 0.32 | 0.036 | 0.92 | 0.078 
| 





The effect of correcting Curve A for sedimentation is thus shown 
to bring all of the constants into line with those of the stored sample 
Curve D, except for (k.), which, though diminished, remains somewhat 
higher than for Curve D. This variance may be interpreted as indi- 
eating that under conditions of extremely low water, such as would 
coincide with the more prolonged times of flow represented by the por- 
tion of Curve C extending beyond 6 days, observed reductions in the 
turbidity of the river, which are the basis of Curve B, probably are 
somewhat less than in direct proportion to corresponding reductions in 


















































a tor 
we 1S 
it the 
those 


urves 
elow 
sity, 
was 

The 
was 
y the 
 eon- 
f the 
r the 
r ob- 
light 


offeet 
’ Tur- 
with 
(k,), 
‘ and 
ne in 
ding 


FS ae AS 


10wn 
mple 
what 
indi- 
ould 
por- 
. the 
- are 
as in 











Vol. 6, No. 2 BACTERIAL CHANGES IN POLLUTED WATER 225 


bacterial content resulting from sedimentation. With these extremely 
low stages of the river, its turbidity is greatly diminished and under 
these circumstances is not so closely correlated to its suspended matter 
content as it is under higher stage conditions when a larger proportion 
of the total suspended matter present consists of measurable turbidity. 
As the effects of sedimentation on the bacterial population of a stream 
are probably reflected more nearly by progressive changes in total 
suspended matter than by those in measurable turbidity, any condition 
which tends to upset the normal proportionality existing between these 
two elements doubtless also disturbs the relation between measurable 
turbidity and bacterial changes. In some streams, where little correla- 
tion exists between turbidity and suspended matter, a correction such 
as made in connection with Figure 4 would hardly be valid, except as 
a very rough approximation. 

General Significance of Empirical Equations.—The general form of 
erested curve defined by equations (5) and (6) has a number of parallels 
in microbiology and a particularly significant one in the field of physical 
phenomena, when considered in connection with the observed data. In 
microbiology, a close analogy exists in the time-curves traced by the 
activity of organisms responsible for various fermentations; thus Carl- 
son * notes a similar curve for the activity of yeast cells in the fermen- 
tation of wort. In uncontrolled fermentations, curves of this type ap- 
parently result from the accumulation of toxie products, which cause a 
reversal of the initial growth phase into one of decline. The normality 
of this general type of bacterial curve is indicated by Buchanan and 
Fulmer,} who divide the complete cycle of growth and decline into seven 
distinct phases, each merging into another. 

It can be shown, from simple assumptions, that an elementary form 
of this curve may be derived from a differential equation expressing the 
net rate of change in the numbers of an organism as the difference be- 
tween a multiplication rate and a death rate, the former proportional 
to a limiting growth function and the latter, to a function of the num- 


; ; . , a 
bers of the organism present at any given time. To illustrate, let a, 


er * 1 
denote the rate of multiplication, (FE) the death rate, (Fr) the net 


rate of change in the number of organisms (y) present at any time (tf), 
and (F) the limiting growth function. Then we may write: 
dy _ dy: _ dy2_-y py _ 
=. =. ” 
* Carlson, Biochem. Zeit., 57, 313-334. 
t F. E. Buchanan and E. R. Fulmer: Physiology and Biochemistry of Bacteria. 
Vol. [, pp. 16-18. 
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If we assume that (/’) diminishes at a logarithmic rate, the integra 
form of this equation will be 


kak kiF 
y= Se es | eee hod. oS). LEM Ya 0 Kot 
oka — ha & —k % ) 


in which (Ff) denotes the initial value of (F’), (y,) the initial number « 
organisms, and (k,) and (k,) constants. 

To simplify equation (7), let the two constant terms be replaced 
(c,) and (c,) ; whence, we may write 


y = cye** — coe *et 


Equation (8) is identical with that which in physies defines the 
single-crested curve of an ‘‘aperiodic’’ or completely ‘‘damped”’ oscil- 
lation,* this curve being a special form of the ordinary periodie damped 
oscillation curve, which is wave-like in its trend. An interesting analogy 
exists between the ‘‘periodic’’ and ‘‘aperiodic’’ forms of the damped 
oscillation curve and bacterial curves obtained by Purdy and Butter- 
field + from their study of the inter-reactions between various strains of 
bacteria and of bacteria-consuming plankton, both in pure and in mixed 
cultures. With pure cultures, the curves traced by both organisms were 
of the periodic type, each curve being opposite in phase to the other. 
With mixed cultures, the corresponding curves were distinctly aperiodic, 
or single-crested, tending toward a sharper crest with the more highly 
mixed strains approaching those of sewage and polluted natural water. 
The contrast between these sharper-crested curves and the more rounded 
ones obtained from less heterogeneous mixtures of organisms was 
analogous to that shown between the general form of curve defined by 
equations (5) and (6) and that which is defined by equations (7) and 
(8). 

It thus appears that the stored sample and river bacterial curves 
defined by equations (5) and (6) probably represent the ultimate de- 
velopment of a series of curves, beginning with the periodic form in pure 
cultures and ranging, with increasingly wider varieties of bacterial and 
plankton strains, through the more rounded single-crested curves, such 
as are defined by equations of types (7) and (8), to the sharper-crested 
forms, such as are given by equations (5) and (6), which are characteris- 


tic of the extremely heterogeneous flora existing in polluted natural 


waters. 
The two features which appear to distinguish these ‘‘natural water’ 
bacterial curves from those obtained under artificial conditions with 
* See J. W. Mellor: Mathematics for Students of Chemistry and Physics. 1916 


Edition, pp. 409-410. 
+W. C. Purdy and C. T. Butterfield: The Effect of Plankton Animals on Bac- 
terial Death Rates. Am. Jour. of Pub. Health, 8, 499-505 (July, 1918). 
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more restricted varieties of organisms are the marked retardation in the 
rate of initial increase, as compared with a logarithmic rate, beginning 
at an early stage of this phase, and the progressively diminishing rate 
of decrease beyond the maximum crest, which has been fully discussed 
at an earlier point in this paper. The retarding influence during the 
initial phase of inerease, which probably is due to the resumption of 
predatory activities by the plankton following bacterial multiplication, 
is manifested in equations (5) and (6) by the appearance of the power 
(n) as a function of time, which has the effect of bending the curve down- 
ward as it approaches the maximum point and of bringing the maximum 
to a lower level than otherwise would be the case. In this connection it 
is of interest to note that the term, (ya— 0,)10**", in equations (5) 
and (6) is exaetly analogous to the Penfold bacterial growth function, 
which Buchanan and Fulmer * give as Be*'*, except that the exponent of 
the former is negative and that of the latter, positive. The reason for 
this difference of sign is that the former is a diminishing function, owing 
to the retarding effect of the plankton, whereas the latter is an increasing 
function subject to retardation only as the numbers of bacteria approach 
their saturation point with a particular food concentration. It can 
readily be shown, by differentiating these two functions, that their dif- 
ferential rates of change are mathematically identical, though of opposite 
signs. This merely signifies that the curve of initial bacterial increase 
observed in the stored samples of river water and sewage tends to follow 
the normal growth function, except as modified by the active retarding 
influence of plankton, which is made effective long before the numbers 
of bacteria reach their saturation point from starvation. It thus may 
be inferred that predatory plankton, rather than starvation, constitute 


the major factor in the bacterial changes associated with the natural 


purification of polluted waters. 


RELATION OF BACTERIAL CURVES TO OXIDATION PHENOMENA 


In connection with a study of the influence of plankton on the bio- 
chemical oxidation of organie matter, it has been observed by Butter- 
field, Purdy and Theriault ¢ that under experimental conditions ap- 
proaching those existing in polluted natural waters, the rate of oxida- 
tion depends very largely on the rate at which the bacteria present were 
actively multiplying. These results suggest that under conditions of 
the ordinary laboratory test for biochemical oxygen demand (B.O.D.) 

Loe. cit., page 31. 

7C. T. Butterfield, W. C. Purdy and E. J. Theriault: Experimental Studies of 
Natural Purification in Polluted Waters, IV. The Influence of Plankton on the 
Biochemical Oxidation of Organic Matter. Public Health Reports, 46, No. 8, 393- 
426 (Feb. 20, 1931) (Reprint No. 1451). 
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which are similar to those under which the stored sample tests discussed 
in the present paper were conducted, a relationship might exist between 
the normal course of oxidation and that of progressive bacterial changes 
in the sample, assuming the latter to be fairly represented by the stored 
sample data. 

If the rate of oxidation of organic matter in a polluted natural water 
be proportional to the rate of bacterial multiplication at any time, then 
the total amount of organic matter oxidized up to a given time should 
be represented by some direct function of the total number of bacteria 
generated up to that time. If all of the bacteria should survive in the 
culture, the total number generated up to any time would be equal to 
the total number present at that time. If some bacteria failed to survive, 
the actual number generated in any interval of time should be roughly 
proportional to the average number present during that period and the 
total number generated up to a given time should be proportional to the 
eumulative numbers present in the water up to that time. The latter 
would be measured by the corresponding total area lying under the bac- 


terial curve. 

For the purpose of illustration, let us assume a bacterial curve fol- 
lowing a simple logarithmic path of decrease. This curve would be 
represented by the relation y—ce™', expressed in general terms. The 


area (Y) lying under this curve, up to any time (t) would be given by 
the expression 


t t Cc _ 
Y = { y dt = f ce—** .dt = i (1 — e**), (9) 
70 0 


which determines the cumulative numbers of active bacteria present up 
to any time. 

An exact parallel can be shown to exist between these two bacterial 
functions, (y) and (Y), and those which define, respectively, the rate at 
which biochemical oxygen demand is satisfied according to the familiar 
logarithmic rule and the cumulative demand satisfied up to any given 
time. Expressed in similar terms, these may be written as 


L=L.-e** and X =L,(1 —e¢**) (10) 


in which (1) denotes the B.O.D. at any time (¢), (Za) its initial B.O.D., 
(X) the total amount satisfied up to time (t) and (XK) a specific rate 
constant. 

It thus appears that on the basis of the above assumptions, a strictly 
logarithmic rate of bacterial decrease in a sample of polluted water 
should yield an oxygen demand curve identical with that which has been 
observed normally under the practical conditions of the laboratory test. 
Let us now examine briefly the result to which a similar mathematical 
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process would lead, when applied to the crested bacterial curves repre- 
sented by equations (5) and (6), considering equation (5) as an 
example. 

or convenience, let us re-write equation (5) as 


yr ce~ ke" + ¢,e7*t + Coe kot (11) 
in which the Naperian base (e) has replaced the common base (1), and 
(c) (e,) and (e,) the constants (Ya— ba), (ba—ea) and (¢a) respec- 
tively. If we denote the integrated area lying under the curve as Y, we 


then may express this area as follows: 


t t 
Y [ ydt = [ (— ce“ + cye*t + coe *2!) dt 


0 


70 
ef t t 
| — ce*k"dt + [ ce *'dt + f coe *2'dt 
0 7/0 0 


The first term of this function, containing the exponent (7), cannot 
be integrated definitely, but as a close approximation we may take ad- 
vantage of the fact that () does not greatly exceed unity, as is indicated 
in Table 3, and may be disregarded as an integration factor in view of 
the relatively small weight that this first term has in the numerical 
values obtained from the entire equation. We may then express the 
integral of the term in the same general form as that of the other two 
terms and write the definite integral of the equation as 

Y=-<f0-—e'™) 4+ 2 —e8) +21 — et) (10) 
k ky ke 
and from it obtain a reasonably close approximation of the true area 
curve. 

In Figure 8 is shown a plot of an area curve defined by equation (10) 
using the constants, based on the curve of bacterial changes observed in 
stored samples collected at Ohio River station 475, and stored at 20° C. 
(see Table III). For convenience, the common base (10) has been used 
instead of the Naperian base (e) in computing the ordinates of this curve. 
Kor comparison with this area curve, a plot is shown of the simple 
logarithmie funetion, Y= ec(1— 10°‘), assuming a value of (c) equal 
to 27.7, the ordinate of the former curve at 20 days and a value of (k) 
equal to 0.1, which corresponds to that of the B.O.D. specific rate con- 
stant at 20° C. This latter curve would be followed by the cumulative 
B.O.D. satisfied up to various times (t) assuming the ordinary logarith- 
mic rate of satisfaction and a 20-day B.O.D. of 27.7 units. 

Although these two curves follow each other closely after 5 days, the 
integrated bacterial curve gives considerably higher ordinates than the 
B.0.D. curve up to this time, indicating an apparently greater cumu- 
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lative number of bacteria present than would be accounted for in te: 
of the expected total amount of B.O.D. satisfied. This result would si 
gest the possibility that during the earlier stages, the rate of effecti\ 
oxidation at any time may not be strictly proportional to the rate 
bacterial multiplication at that time. This possibility is consistent with 
the evidence found in the relative trends of the two curves of Figure 8, 








t T | T T T T i 1 T q 1 q T as 


4.09 st -0.0/7t 
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Fic. 8.—Comparison between curve obtained from equation (10), with constants 
giving cumulative numbers of bacteria present in samples of Ohio River water 
stored at 20° C. up to various times, and normal logarithmie curve of cumulative 
amounts of B.O.D. satisfied at 20° C. up to corresponding times, assuming the same 
ordinate for both curves at 20 days from start. 


of a distinct lag between successive increments of bacterial population, 
as shown by curve A, and corresponding increases in the amounts of 
oxidized material formed, which are measured by curve B. Thus, if the 
ordinates of curve A, beginning with the first day or so after the start, 
were shifted to the right on the time scale by a distance corresponding 
to somewhere between 1 and 2 days of time, the two curves would tend 
to follow each other much more closely up to about 5 days and not to 
diverge materially after that time. 

A lag effect of this kind could be produced, conceivably, if the process 
of oxidation were actually accomplished through the medium of bacterial 
enzymes or some other agent resulting from bacterial activity. Under 
these circumstances, a certain interval presumably would elapse between 
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the time of a given degree of bacterial activity and the time at which it 
would become effective in terms of organie matter oxidized. In this 


connection it is of interest to note the recent suggestion by Wooldbridge 


and Standfast * that bacterial enzymes probably are important factors 
in biochemical purification of sewage. 

Although the foregoing questions will require further study before 
they can be answered more definitely, the tentative conclusion appears 
justified from the evidence of this study that the oxidation of organic 
matter in polluted water containing its natural biological elements is 
definitely influenced, either directly or indirectly as above suggested by 
the degree of bacterial activity in the water, which in turn is related to 
the numbers of bacteria present in the water at any time. As noted by 
Butterfield, Purdy and Theriault, this activity may be maintained by 
virtually any ageney which tends to keep the bacterial population below 
its point of saturation with a given available food supply. Under 
natural conditions found in polluted streams and lakes, it seems likely 
that the major factor thus involved is the preying of bacteria-consuming 
plankton on the bacteria, though dilution and sedimentation also may 
play a part, in so far as the supernatant body of water is concerned. In 
bottom sludge blankets, where they exist, biological conditions may be 
vreatly intensified and other factors, such as the accumulation of oxidized 
products, may exert some effect. From the close parallelism found in 
this study between the trend of bacterial decrease in the stored samples 
of Ohio River water and in the river itself, when due allowance has been 
made in the latter case for the effect of sedimentation, it seems reasonablé 
to conclude that whatever oxidation changes may be observed in a sample 
of polluted river water under conditions of the ordinary laboratory test 
for B.O.D. would be expected to follow about the same course in the 
supernatant portion of the river proper, though it should be emphasized 
in this connection that the true rate of oxidation in the stream may be 
masked by progressive changes in the oxygen demand of the overlying 
water due to the modifying influence of sedimentation, scour and inflow 
and to those of the intensive oxidation changes which may occur in the 
sludge blanket lining the channel. 


SUMMARY AND CONCLUSIONS 


1. A comparative mathematical study was undertaken of curves de- 
fined by progressive changes in bacterial content observed in the Ohio 
River below Cincinnati and in samples of river water and sewage when 
stored in the laboratory for periods of 40 days or more at three different 
temperatures, 10°, 20° and 37° C. 

W. R. Wooldbridge and A. F. B. Standfast: Bacterial Enzymes in the Purifi- 
cation of Sewage. Nature, 130, 66-77; THIS JOURNAL, 5, 553 (May, 1933). 
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2. The greater rates of bacterial decline observed in the river uncer 
summer low-water conditions, as compared with rates observed in stored 
samples of the river water at about the same temperature as that of the 
river, appear to have been due very largely to the effect of progressive 
changes in suspended matter resulting from sedimentation. When cor- 
rected for this effect, these rates are shown to have been very nearly the 
same, as they were likewise in the river under winter high-water condi- 
tions, when sedimentation was not a factor and changes in suspended 
matter were unimportant. From these indications it is concluded that 
the rates of bacterial decline observed in the stored samples of river 
water and likewise in the river itself, when the latter are corrected for 
sedimentation effect, probably represent a fair approximation to the true 
bacterial death rates at a particular temperature and under conditions 
of natural purification in the stream. 

3. To express the trend of the bacterial curves derived from the 
stored sample tests and the river observations, two empirical equations 
of the same general type have been developed from the data. These 


equations have been found to fit the data more closely than those of any 
other type studied. Constants have been derived for several typical 
bacterial curves. These constants have been shown to bear a definite 
relation to temperature and also to be influenced by the relative density 


and age of pollution. 

4. From a comparative study of the empirical equations derived for 
the bacterial curves with other equations developed from simple as- 
sumptions, it is indicated that the former are shaped primarily by the 
influence of an active suppressive force which probably represents the 
effect of bacteria-consuming plankton. The results of this phase of the 
study also suggest that the departure noted between the observed bac- 
terial curves and those developed from simple assumptions are probably 
due to the highly mixed strains of bacteria and plankton present under 
the natural conditions which actuate the former. 

5. A comparison of the empirical equation developed from the ob- 
served bacterial curves with those derived by other observers for similar 
phenomena has shown an analogy between the multiplication term in the 
former and Penfold’s bacterial growth function; likewise between the 
diminishing rate of bacterial decline indicated by the former and that 
which has been noted by Chick and Scharff from their respective studies 
of death rates of bacteria when exposed to disinfectants and to the ultra- 
violet ray. 

6. A further analysis of the empirical equations developed from the 
bacterial curves has indicated that under conditions of the laboratory 
test for biochemical oxygen demand, which correspond closely to those 
of the stored sample tests, the total amount of B.O.D satisfied up to any 
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time, which is ordinarily given by the simple logarithmic integral fune- 
tion, Y=c(1—e™*), appears to bear a definite relation to the cumu- 
lative numbers of bacteria present in the sample up to that time, or to 
the total numbers of bacteria generated up to that time. From a com- 
parative plot of the integral of the observed bacterial curves, which 
measures the cumulative numbers of bacteria present up to a given time, 
with that of the simple logarithmic integral function of B.O.D. satisfied 
up to the same time, a lag effect is shown between the rate of bacterial 
growth and the rate of formation of oxidized material. It is suggested 
that this lag effect may be due to the formation of intermediate bacterial 
enzymes, Which in acting as carriers of the oxidation reaction cause a 
certain delay in completion of the reaction. As the trend of the major 
portions of the river curves is similar to that of the stored sample curves, 
it may be inferred that the mechanism and rates of satisfaction of B.O.D. 
under natural stream conditions are about the same, in the supernatant 
stream water, as under conditions of the ordinary laboratory test. 





-HYDROGEN-ION CONCENTRATION AND BICARBONATE 
EQUILIBRIUM IN DIGESTING SLUDGE 


By A. PERRY BANTA AND RICHARD POMEROY 


Assistant Engineer, and Chemist, Los Angeles County Sanitation Districts 


The determination of the hydrogen-ion concentration of digesting 
sewage sludge has grown in importance in the empirical correlation of 
certain digestion phenomena. Its practical use had been to designate 
conditions coneurrent with favorable or undesirable digestion. he 
authors of the present paper are not aware of published studies in this 
field which have given quantitative consideration to the mechanism by 
which the pH attains its value. This paper is a discussion of some 
phases of this mechanism. 

THEORY 


In the course of sludge digestion, various alkaline and acid com- 
pounds go into solution. Of the alkaline substances NH,, resulting 
from the decomposition of protein, is most important. Significant 
amounts of lime and magnesia are liquefied through the decomposition 
of hard soaps. The sodium in solution increases but little. Of the acid 
compounds the principal variation is found in the organie acids, espe- 
cially acetic. The organic acids are formed in large amounts in the 
early stages of digestion and eventually are largely destroyed. Changes 
in the fixed acids—chloride, phosphate and sulphate—have a minor 
effect on the total of acid constituents. Except in extremely acid sludge, 
the alkaline substances are in excess of the fixed and organie acid sub- 
stances. Carbon dioxide (CO.) is also formed, and being an acid sub- 
stance neutralizes the excess alkalinity by the formation of bicarbonate 
ion. Only a negligible amount of secondary carbonate ion is formed 
at the pH values of digesting sludge. There is also free CO, in solution, 
in amount depending upon the partial pressure of CO, in the gas with 
which the solution is in equilibrium. 

In any solution containing bicarbonate and in equilibrium with a gas 
phase containing CO., the pH should satisfy a well-established chemical 
equilibrium expression which may be conveniently written 
pCOe2 KX aCOre 


pH = pK — log- 760 X 224° + log (HCO;7) 


pK is a constant dependent upon the temperature, pCO, is the equi- 

librium partial pressure of CO, in mm. of Hg and aCO, the conventional 

solubility coefficient for CO., and (I1CO,-) is the activity of the bicar- 

bonate ion in mols per liter. This last term is slightly lower than the 
234 
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concentration of bicarbonate, due to the effect of other ions in solution. 
Hastings and Sendroy (1) took into account the effect of the other ions 
on the basis of the Debye-Hiickel theory and introduced a correction 
term, whereby the equation may be written 


= a = Co pCOz X a CO2 oc 1 ane pas (=<4 — 
pH = pK — log 760 X 224 bj log [HCO;- ]—0.5vu 


in which [HCO,-]| is the bicarbonate concentration and yp is the ionie¢ 
strength, or one-half of the summation of the concentration of each ion 
species multiplied by the square of its valence. 

Careful determinations of the constant in this equation have been 
made by Warberg (2), by Hastings and Sendroy (1), by Stadie and 
Hawes (3), and by Wilson, Orcutt and Robertson (4), with their results 
in excellent agreement. The conditions under which these basie experi- 
ments were conducted covered a temperature range from 17° C. to 38° C., 
ionic strengths from 0.001 to 0.18 in simple and in blood solutions, pres- 
sures of CO, from 0.5 to about 600 mm. of mercury, and pH values from 
5.60 to 8.00. The best value of the constant at 25° C. is 6.395. For the 
purpose at hand it is convenient to express the partial pressure of CO, 
in atmospheres and the concentration of bicarbonate in parts per million 
of CO,. The equation then becomes 


pH = 3.22—log pCO2 + log [HCO;- ] — 0.5Vvu 


EXPERIMENTS 


A series of experiments were made by the authors to determine if 
the pI values of the liquors of digesting sludges, as ordinarily deter- 
mined with indicators, correspond to the above equation. The tests 
were made on samples of sludges from the four-stage digestion tanks, 
described elsewhere (5), of the Los Angeles County Sanitation Districts. 
Samples of the sludges were allowed to stand in the laboratory until a 
layer of fairly clear liquor could be pipetted off, and where necessary this 
was further filtered. In order to test the theory over a wider range of 
pH values than those occurring naturally in the tanks, some of the 
samples were adjusted to higher alkalinities by the addition of ammonia 
or sodium bicarbonate, or to lower alkalinity by boiling out the ammonia 
occurring naturally, by adding acetic acid, or by moderate dilution. The 
samples of liquor were then shaken with gas piped to the laboratory from 
the digestion tanks. The CO, content of this gas was normally between 
30 and 32 per cent. In cases where the percentage of CO, was outside 
these limits, corrections were applied to the results. After sufficient 
time had been allowed to attain equilibrium, which was reached fairly 
rapidly in the more acid samples but which required at least two hours 
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in the most alkaline samples, portions were tested with indicators in 
usual manner. The air in the test tube was displaced with sludge «as 
‘to prevent loss of CO, from the liquor when it was mixed with the 
indicator. 

The indicators used were chlorphenol red, bromthymol blue, and 
phenol red. Comparisons were made with the colors obtained in stand- 
ard phosphate buffers (M/15) made up to intervals of 0.1 pH unit, and 
also with LaMotte commercial ampoules. No significant differences 
were found between the buffers and the LaMotte standards. In the 
case of the red indicators no difficulty was experienced in the usual pro. 
cedure of using a 10 ml. sample plus 0.5 ml. of indicator solution in a 
5g-in. test tube, but in order to counteract absorption of the dye in the 
case of bromthymol blue, a smaller test tube and a more concentrated 
indicator solution were used, as recommended by McCrumb (6). The 
same sample was tested with two indicators where the ranges overlapped, 
and the results averaged. In these cases the bromthymol blue fre- 
quently gave a somewhat lower reading than the red indicators, the 
diserepancy averaging 0.06 pH unit. 

The concentration of bicarbonate was determined by adding an excess 
of acid, boiling out the CO,, and titrating back to the original pH with 
base. Details of this procedure are set forth further on. The tests 
were made at an average temperature of 25° C. (77° F.). Use of a 
thermostat was not necessary because the temperature effect is small, 
but variations of more than 3° C. from the average were avoided. 

In order to compare the results of these tests with the equation, an 
estimate must be made of the ionic strength of the sludge liquor. 
Analyses of the sludge liquor made at this plant indicate an ionic 
strength varying from about 0.06 for seeded sludge four or five days 
old, to 0.10 at the end of the process, with an average of about 0.09 
during the greater part of the digestion period. The error will be 
negligible if 0.09 is used throughout the range. 

In Figure 1 the points show the experimental results and the curve 
is drawn according to the equation 
pH = 3.22 — log pCOz + log [HCO;—] — 0.5Vu 


with pCO, set equal to 0.31 and » equal to 0.09. The agreement is satis- 
factory. The points in the middle range were determined with brom- 
thymol blue. The fact that these are relatively lower is probably 
related to the effect noted when the same sample of liquor was tested 
with bromthymol blue and one of the red indicators, with the blue in- 
dicator usually giving lower values. Such deviations as do appear are 
not surprising in view of the probability of errors from incorrect judg- 
ment of the colors, from failure to establish equilibrium, from specific 
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salt effect not accounted for by the Debye-Hiickel theory, from uncer- 
tainty as to the ionic strength of the solutions, and from the effect of 
proteins on the indicators. 

The data of Figure 1 were obtained by bringing the solution to 
equilibrium with a gas of a known percentage of CO,. The question 
now arises as to whether the liquor in a separate digestion tank can be 
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Fig. 1.—Relation Between pH and Bicarbonate Concentration. 


considered to be in equilibrium with the gas which it is evolving. There 
must be some supersaturation. Fortunately this is not as serious as it 
would be if only CO, were being evolved. Inasmuch as methane is much 
less soluble than CO, and is produced in large quantity, it will force a 
continual production of bubbles which will help to gas out the CO,. 

In order to determine whether or not supersaturation is an important 
factor, bottles of digesting sludge were allowed to stand several hours in 
the laboratory. A clear layer of liquor would separate, with sludge 
floating above it. The floating sludge was thought to be adequate pro- 
tection against undue loss of CO, by the stratified liquid. Samples of 
the liquors were pipetted off and the pH values determined with in- 
dicators. The samples were then bubbled with sludge gas and the pH 
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values again determined. If the samples were supersaturated { 
bubbling should serve to remove any excess CO, and allow a rise in ¢ 
pl. The CO, content of the gas coming from the sludge was consider 
to be the same as that of the gas of the digestion tank from which t), 
If this differed appreciably from the laboratory 


sample was taken. 
With this taken into account it was 


supply, corrections were applied. 
found frequently that the pH after bubbling, instead of being higher, 
compared to the original value, was often lower by as much as 0.18 unit, 
indicating that the CO, concentration was below the equilibrium value 
in spite of the methods used to avoid loss. This was the ease in 7 out of 
10 tests. In one case there was no change, while in the remaining two 
This difference 


cases there appeared to be increases of 0.03 pH unit. 
In any case 


is about at the limit of experimental error of the method. 
it seems safe to say that supersaturation was not an important factor 
under the conditions described. 

A more serious difficulty is encountered when dealing with sludge 
from the bottom of a deep tank. In this case the partial pressure of 
the CO, is increased in proportion as the total pressure is increased by 
If a sample from the bottom of the tank is brought 


the head of water. 
Gas will be evolved 


to the surface it will necessarily be supersaturated. 
as the pressure is reduced. Since CO, is more soluble than CH,, the 
absolute supersaturation of CO, will be much greater than that of CH,, 
and the bubbles which form will have an abnormally high content of CO.. 
It is to be expected that when the sample reaches the surface it will 
have a pH somewhere between that which it had at the bottom and that 
which it would have if it were at equilibrium at the surface. 

Samples of sludge were taken from the digestion tanks at a depth 
of 12 feet. According to theory the pH should be 0.13 unit lower, from 
the effect of this depth, than at the surface. Under favorable conditions 
these samples yielded enough clear liquor to allow a pH determination 
within 15 minutes after sampling; otherwise they were not used. After 
the initial pH determination the samples were bubbled with sludge gas. 
Corrections were made for differences in CO, percentages between the 
Four tests were 


gas from the tank sampled and the laboratory supply. 
made, showing increases of pH, after correction, of 0.01, 0.05, 0.04, and 


0.03. There is, of course, an uncertainty of at least 0.03 in these figures, 


but they do give some evidence of a small effect in the expected direction. 


DIscussION 


It must be emphasized that the bicarbonate-carbon-dioxide equi- 


librium expression is very general. In accurate experiments with the 


pH determined potentiometrically the equation was validated over a 


“ather wide range of conditions by Warberg, et al. The results pre- 
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senied herein have shown the substantial validity of the expression for 
the colorimetric pH of the sludge liquor investigated, with 31 per cent 
CO, and at about 25° C. It seems reasonable to suppose that similar 
agreement would be found at other temperatures and at other per- 
centages of CO,, and furthermore, that no sludge liquor from whatever 
source would show a picture substantially different as long as it could 
be assumed to be in equilibrium with its gas. 

[f one knows the bicarbonate concentration of a digesting sludge, and 
makes even an approximate estimate of the composition of the gas, then 
the equation provides a good means for calculating the pH. Jt is fully 
as valid as the colorimetric method and probably more accurate to con- 
sider as ‘actual pH’’ the value obtained in this way than that obtained 
by use of the colorimetric method. This statement does not depend upon 
the experimental evidence presented in this paper. The bicarbonate-car- 
bon-dioxide equilibrium is just as truly a pH indicator as are the dyes, 
and is even less influenced by the sort of disturbing factors which intro- 
duce errors into the colorimetric pH. Figure 1 may be considered simply 
as a comparison of pH determinations by four different equilibria, three 
being reactions of certain dyes which are called indicators, and the other 
being the equilibrium between carbon dioxide and its ion products. 
Only the potentiometric pH, which is the ultimate standard of reference, 
has greater validity, but it may be no more accurate if insufficient care 
is used to avoid loss of CO, from the sample. The fact that the liquor 
in the tank may not be exactly in equilibrium with gas of the composi- 
tion found to be coming from the tank is offset by the fact that the 
amount of CO, in solution in the sample in the test tube is not likely to 
be the same as it was in the tank. This is especially true if deep samples 
are taken, for in this case it is impossible to avoid loss of some CO, 
without the use of very elaborate apparatus. 

It is interesting to estimate the maximum value which the pH may be 
expected to attain in the last stages of digestion. Taking an extreme 
case, Suppose that a raw sludge at a concentration of 8 per cent solids, 
containing 4 per cent of nitrogen (dry basis), is permitted to digest. 
Further assume that two-thirds of the nitrogen is digested to ammonia. 
The resulting coneentration of NH, is 2133 p.p.m. as nitrogen, which 
would require 6700 p.p.m. of bicarbonate as CO, to neutralize it. In the 
experimental work leading up to this study it has been found that in the 
later stages of digestion the ammonia is roughly equivalent to 75 per cent 
of the bicarbonate. Assuming a similar ratio in the hypothetical case, 
8950 p.p.m. of bicarbonate CO, would be expected. 

In order to estimate the pH of such a sludge, a CO, content for the 
vas must be assumed. From those reported analyses which appear 
reliable it seems probable that the gas bubbles originating in the sludge 
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do not often contain less than 25 per cent CO,. This assumption is cou- 
servatively in agreement with the theoretical and experimental data 
presented by Buswell and Boruff (7). Forty analyses of gas from the 
digestors of the Los Angeles County Sanitation Districts show a mini- 
mum of 25.5 per cent CO.. 

Assuming the bicarbonate as 8950 p.p.m. CO, and the CO, content of 
the gas at 25 per cent, the calculated value of the pH is 7.65 for the final 
stages of digestion at 30° C. It is not likely that the combination of con- 
ditions necessary for this high value is often realized. The frequency 
with which values of 7.6 and higher are reported for digesting sludge 
suggests that the observers have not always used sufficient care to avoid 
loss of CO, from the samples in spite of emphasis of this point from time 
to time in the literature. For example, filtration is often resorted to in 
order to get clear liquor for the pH determination, but this method is 
almost sure to give erroneous results. 

It is probable that pH values of digestion tanks are often lower than 
commonly supposed, and that the value generally assumed to be the 
lower limit for satisfactory digestion has been placed too high. Diges- 
tion has sometimes been found to be progressing vigorously and in a 
satisfactory manner in the first stage of the digestors of the Los Angeles 
County Sanitation Districts when the pH was 6.5 at the surface with a 
calculated value of 6.35 at the bottom. 

There are, of course, conditions under which equilibrium cannot be 
assumed. New sludge may not have had time to produce enough gas to 
establish equilibrium. But as soon as active evolution of gas has begun 
saturation can be assumed. Immediately after liming the relation may 
not hold until the sludge has produced enough CO, to convert the lime to 
bicarbonate, although this should not take long with moderate doses if 
the sludge is showing much activity. If a digestion tank is stirred verti- 
eally, the theoretical variation of pH with depth may not be established, 
for when a body of sludge is moved from the top to the bottom of a tank 
the theoretical drop in pH will not occur until the liquor has become 
saturated with gas at the higher pressure and a substantial evolution of 
gas has been resumed. This may require several hours or even days if 
there is little activity in the sludge. If ripe sludge is allowed to stand, 
_ with clear liquor at the surface and an atmosphere poor in ‘CO, above it, 
CO, will be lost from solution and the pH will rise. But obviously this 
rise does not indicate any further progress in the digestion. Sludge 
after being drawn onto beds may give high pH values, but these indicate 
nothing but the extent to which the CO, has been allowed to escape. If 
the sludge is exposed to the air for a long time the rising pH will cause 
precipitation of calcium carbonate and magnesium ammonium phos- 
phate and finally the loss of NH, will balance the further loss of CO, so 
that the pH will become constant at about 8.4. 
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Under the foregoing conditions the pH will not have the value re- 
quired by the theory, since equilibrium does not prevail. Attention is 
directed to the fact that except in the early stages of digestion, the pH 
is not likely to tell anything of importance if it is not the pH of the 
sludge in equilibrium with its gas. 

The above discussion relates primarily to separate sludge digestion. 
Further consideration of conditions will be necessary before any appli- 
eation can be made to Imhoff tanks. Doubtless the pH of Imhoff tanks 
ean be accounted for if all of the factors are correctly evaluated. 


SUGGESTIONS 

During the acid phase of digestion when the concentration of bicar- 
bonate is low, rather small changes in the concentration of ammonia or 
of volatile acids will cause large relative changes in the bicarbonate and 
hence in the pH. Accordingly, rapid changes in the pH are found in 
early stages of digestion, and the pH as colorimetrically determined may 
be a convenient and rather sensitive indication of certain conditions of 
the sludge. But when the alkalinity is high, when for example the pH 
is above 6.5, the logarithm of the bicarbonate concentration and hence 
the pH is affected only slightly by relatively large changes in the acid or 
basic constituents of the liquor. Therefore the pH is a very poor 
measure of the condition of the sludge or the completeness of the diges- 
tion during the alkaline phase. For separate sludge digestion tanks, a 
more sensitive analytical measure of the condition would be to determine 
separately the NH, and the volatile organie acids. But this is not a 
simple procedure for routine tests. The bicarbonate concentration varies 
principally in accordance with the difference between the ammonia and 
lime on one hand, and the volatile organic acids on the other; and since 
the bicarbonate can be determined quite easily and quickly it would 
seem to be the best simple test. The alkalinity to methyl orange is an- 
other test which tells approximately the same thing, giving a result only 
slightly higher than the bicarbonate in the relatively alkaline sludges 
(after making necessary conversion of units). Acidity by titration is 
sometimes reported, but this will not give significant results if CO, is lost 
from solution. 

Caution must be exercised in using any of these tests as a comparison 
of the relative efficiency of digestion in different installations. The ulti- 
mate alkalinity depends not only upon the thoroughness of digestion but 
also upon the original concentration and composition of the sludge; the 
manner of withdrawing supernatant liquor, ete. The tests are only of 
value as indicating the course of digestion when other conditions are 
approximately constant. 

For those who wish to make use of the bicarbonate test the following 
procedure will be found to give satisfactory results in sludge liquor with 
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the pH above 6.5: Two or three drops of methyl orange solution a 
added to a ten ml. sample of the liquor, reasonably free from slude: 
‘particles. Tenth-normal acid is added from a burette until the indicator 
is red, and then a few drops in excess, the volume being recorded. The 
solution is boiled gently for a half minute. If the solution is boiled too 
long there may be appreciable loss of volatile acids. If insufficient acid 
is added there may be loss of ammonia. Two ml. of phenol red solution 
are added and the sample is titrated with tenth-normal NaOH until the 
indicator begins to change to orange, or until it has a color approximat- 
ing that of the indicator at the original pH. The volume of acid used, 
less the volume of base, is numerically 100 times the bicarbonate normal- 
ity. Multiplying the net volume of acid by 610 gives p.p.m. HCO,,, by 
440 gives bicarbonate as p.p.m. CO., or by 500 gives bicarbonate as p.p.m. 
CaCO,. It seems desirable to us to report the bicarbonate as p.p.m. CO., 
This is convenient if one wishes to know the total CO, in solution, in 
which case it is necessary only to add the bicarbonate CO, to the free 
CO,, which may easily be calculated from the partial pressure of this 
gas in the gas mixture and its known solubility coefficient at the tem- 
perature in question. Furthermore, bicarbonate is not separated from 
the solution as bicarbonate; it does not ordinarily remain as a bicar- 
bonate when the solution is evaporated, and p.p.m. by weight of bicar- 
bonate ion in solution is an imaginary quantity. 

If the alkalinity of the sludge liquor is low, or the pH is 6.5 or below, 
considerable care must be used to bring the solution back to its original 
pH to avoid serious relative error. The bicarbonate concentration varies 
somewhat with the pH of the solution due to the shift of other buffering 
equilibria. The pH to which the solution is returned determines a titra- 
tion value which gives the bicarbonate concentration at that pH. If 
one wishes to know the concentration which the bicarbonate had when 
the liquor was approximately in equilibrium with the gas, then the ap- 
propriate pH may be estimated roughly from a preliminary titration or 
with indicators, and for the back titration one may choose an indicator 
which will allow the solution to be brought back to the proper pH as 


accurately as desired. It is also necessary in these cases to cool the solu- 
tion before back titrating, whereas this is not required for results of 
moderate accuracy in more alkaline solutions. But if these precautions 
are observed in the more alkaline solutions as well, a high degree of 


accuracy is possible in the determinations. 

It is not necessary to protect the liquor from moderate loss of CO., 
but if it is allowed to stand in a beaker for more than a few minutes 
before pipetting a sample, calcium carbonate may deposit on the sides of 
the beaker, and appreciable amounts of ammonia may be lost after the 
pH has risen to the neighborhood of 8.0. 
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As set forth above, the pH may be calculated, if the bicarbonate con- 
centration is known and if the per cent of carbon dioxide in the gas can 
be estimated. As a matter of fact, it is not likely that more than a very 
slight error will be made in ordinary cases if any reasonable value be- 
tween 25 per cent and 35 per cent is assumed. Ideally the ionic strength 
should also be known. It has been seen that a value of 0.09 could be used 
for the liquors which were the basis of the experiments described in this 
article. These liquors came from sludge pumped to the digestors at an 
original coneentration of about 414 per cent solids. The ionic strength 
in the later stages of digestion would be expected to vary roughly in pro- 
portion to the concentration of the original sludge. But the ionic 
strength correction is small, and it is probable that in most cases the 
error will be negligible if the same value of 0.09 is used. 

For convenience in calculating the pH by this method, the equation 


may be written in the form 
pH=A+B-C 


in which A contains the equilibrium constant at the proper temperature, 
the logarithm of the CO, percentage, and the ionic strength correction ; 
B is the logarithm of the bicarbonate concentration ; and C is a correction 
for increase in the total pressure with depth. Values of A, B and C for 
various conditions are given in the following tables. The values of A are 


based upon the work of Warberg, et al., with the ionic strength taken as 
0.09. 


Values of the Term A 











30% 
CO: 
3.52 
3.56 
3.59 
3.63 
3.65 
3.68 
3.69 
3.71 

















Example: What is the pH at a depth of 15 feet in a sludge tank with 
liquor containing 1850 p.p.m. bicarbonate CO,, evolving gas with 32 per 
cent CO, and at a temperature of 27° C. (81° F.) ? 


pH = 3.58 + 3.27 — 0.16 = 6.69 
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Values of the Term B 


Logarithm of Bicarbonate Concentration 








HCO;- as 
P.P.M. CO. 


HCO;- as B | 


2.30 | 1500 
2.48 | 1600 
2.60 | 1700 | 4000 
2.70 1800 3.26 4500 
2.78 1900 | 328 | 5000 
2.85 | 2000 py - 5500 
2.90 2200 | | 6000 
2.95 2400 mo 6500 
1000 3.00 2600 —” | 7000 
1100 3.04 2800 3.4 7500 
1200 | 3.08 | 3000 3.48 | 8000 
1300 3.11 3200 | ee | 8500 
1400 } 3.15 | 3400 | B53. | 9000 


| 
| 
| 
| 





Values of the Term C 


Depth Correction, to be Subtracted 


Depth Under y Depth Under 
Surface | Surface 
0.06 25 Ft. 
0.11 30 
0.16 35 
0.20 40 





SUMMARY 


The hydrogen-ion concentration of digesting sludge is determined 
by the equilibrium between dissolved carbon dioxide and bicarbonate ion. 
The concentration of dissolved CO, is dependent upon the composition of 
the gas being evolved and the bicarbonate is determined by the excess 
of alkaline substances over the organic and fixed acids. 

Samples of sludge liquor shaken with sludge gas until equilibrium 
was reached showed pH values, as colorimetrically determined, which 
were in good agreement with calculations based on the bicarbonate 
equilibrium. 

Actively digesting sludge showed pH values which did not indicate 
any significant supersaturation of the liquor with CO,. It is assumed 
that liquor in contact with sludge evolving gas can be considered to be 
approximately in equilibrium with its gas. 
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Theoretically the pH should be lower at the bottom of a deep tank 
than at the surface, although when a sample is brought to the surface the 
loss of gas should allow the pH to rise toward its equilibrium value at the 
surface. Tests indicated a small effect in the expected direction. 

The colorimetric pH determination may be, if carefully made, a con- 
venient indication of certain conditions in digestion tanks when the 
sludge is quite acid, but it is at best an uncertain indication of the fur- 
ther progress of digestion after the pH is above 6.5. 

It is unlikely that the pH of digesting sludge is ever much above 7.6. 
Higher values may be obtained if the liquor has been allowed to lose 
part of its dissolved CO,. 

The pH of sludge during the alkaline phase of digestion tells nothing 
of importanee if it is not the pH of the sludge in equilibrium with its gas. 

The determination of the bicarbonate concentration is a simple and 
sensitive test which may serve to correlate certain digestion phenomena 
in separate digestion tanks. 

If the bicarbonate concentration and the approximate composition of 
the gas are known, the pH of the sludge in equilibrium with its gas may 
be easily and accurately calculated. 
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THE DETERMINATION OF THE pH OF SEWAGE 
SLUDGES * 


By W. D. HATFIELD AND K. MORKERT 


Sanitary District of Decatur 


The pH of sewage sludges is so popular as an index of the condition 
of the digestion mixture, that a discussion of the technique of this de- 
termination may be justified, although there may be some disagreement 
on the interpretation of the results. 

It was early recognized that the electrometrie method, using the 
hydrogen electrode, was not satisfactory on solutions buffered with the 
carbonate-bicarbonate-carbon dioxide equilibrium as carbon dioxide was 
swept out of solution by the hydrogen, thus displacing the equilibrium 
toward the alkaline side. The rocking hydrogen electrode did not im- 
prove conditions because the agitation also displaced CO, from solution. 
The quinhydrone electrode has been used with greater success on sewage 
sludges. However, the authors have found that unless considerable care 
is taken in rapidly dissolving the quinhydrone in the sludge liquor, with- 
out shaking or extensive stirring, the results show a pH 0.2 more on the 
alkaline than those obtained by the colorimetric method. This is due to 
a loss of CO, in the manipulation of the sample. However, this is a 
matter of careful technique with any method used and is only mentioned 
to call attention to the care that should be taken in handling the sludge 
liquor from the time it is collected until the pH is read so as to minimize 
the loss of CO, from the solution. Glass and antimony electrodes have 
been developed more recently but have not been, as yet, entirely satis- 
factory. The electrometriec apparatus is costly and except for research 
and special cases does not justify its use in sewage treatment plants. 

The colorimetric determination of pH on sewage sludges is by far the 
most popular method and when used carefully and with discretion prob- 
ably gives the most satisfactory results. This method consists in com- 
paring the color produced by a given indicator in the sample with those 
produced by the indicator in buffered solutions of known pH values, or 
with standard color solutions, colored glass, color charts, ete., which have 
the same color characteristics as the standard indicator-buffer solutions. 
With clear colorless solutions the color comparisons may be made to 
within 0.1 pH, which is sufficiently accurate for most purposes of plant 
operation. Variations in the technique and conditions may introduce 
ereater errors. 

* Presented before the Sixth Annual Convention of the Central States Sewage 
Works Association, Indianapolis, Indiana, October 138, 1933. 
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Collection of Sample—The sample must be collected carefully to 
avoid any unnecessary aeration. The point of collection should be eare- 
fully chosen to obtain the information desired, for there may be con- 
siderable difference, in deep tanks, between the pH of the partially 
digested sludge at the surface of the sludge blanket and that of the well 
digested sludge at the bottom of the tank. Samples may be taken at 
various depths to determine the extent of well digested sludge in the 
tank. We collect sludge samples with a pitcher pump connected with a 
heavy walled 1% inch hose. 

Color and Turbidity.—It is necessary in most colorimetric test sets 
to compensate for color and turbidity of the sludge liquor or diluted 
sample by placing a sample of the unknown behind the color standard in 
the usual way. With concentrated sludges, because of the buffer ca- 
pacity, the sludge may be diluted with from 1 to about 20 parts of 
aerated distilled water, settled, and the clear supernatant liquor tested. 
It is advisable to use as low a dilution ratio as possible to avoid any pos- 
sible errors that might ensue. 

The Chicago Sanitary District set eliminates color and turbidity 
compensation by comparing the colors in small tubes about the size of 
1 ¢.c. pipettes. With this set, 1 ¢¢. of sample is sufficient and this 
amount can usually be obtained from the sludge sample after a few min- 
utes settling without resorting to dilution. 

Centrifuging to obtain sludge liquor is satisfactory, but filtration 
must be condemned because of the possible loss of CO, in the operation. 

Indicator Solutions and Color Standards.—There is considerable va- 
riation in the intensity of the color produced by different indicator salts, 


particularly when purchased from various manufacturers, or to a certain 


extent in solutions made up from the same sample, if considerable care is 
not exercised. For this reason permanent color standards of any type 
must always be carefully checked whenever a new indicator solution is 
made up, to be sure that the color intensity produced in the sample is 
the same as that in the permanent standard. This can easily be done by 
using a sample of known pH. When using a commercial set, it is well to 
obtain the indieator solutions from the manufacturer and then to check 
them for color intensity. Our experience has been that the manufac- 
turers are quite careful to supply good quality indicator solutions for 
their sets. On the other hand, 0.02 per cent solution of phenol red was 
purchased from a well-known chemical supply house for use with a glass 
standard set, and it was necessary to use three times the required amount 
of the indicator received to produce comparable colors with those of the 
glass standards. Permanent standards of the solution type should be 
checked regularly with buffer standards to be sure that no fading or 
color change has taken place. Experience with glass standards has 
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shown that they do not fade to any extent but that there is often a sligit 
difference in tint between the sample and the standard. This is not 
‘serious in most cases and is not intended as a severe criticism of these 
standards, for they are quite satisfactory for most work. 

The drop ratio method of making up standard colors, which was 
published in the 5th edition of Standard Methods of Water Analysis but 
omitted from 7th edition, is quite satisfactory when a commercial set is 
not available and is very handy for checking the pH of buffer mixtures 
that may be questionable due to impurities in the salts. Hatfield has 
published a modification of this method which produces standards which 
are permanent for at least three months. However the method is not as 
convenient as the commercial sets. 

For clear colorless solutions satisfactory results may often be ob- 
tained by using the color charts published by Williams and Wilkins, 
which cost $1.00. These charts are handy to have for rough work and 
we would not be without them. 

We have used, with satisfactory results, the LaMotte, Taylor, Hellige 
glass, and the Chicago Sanitary District commercial sets. In many ways 
we like the Chicago Sanitary District set for sewage work the best because 
it is handy, requires only small amounts of material, requires no com- 
pensation for color or turbidity, and is inexpensive to buy and to 
maintain. 

We are now using the Hellige-Klett wedge colorimeter, which oper- 
ates on the same theory as the drop ratio method in that the acid and 
alkaline colors of the indicator are superimposed upon each other in a 
wedge-shaped container. It has numerous advantages that appeal to us 
personally such as: (1) The color standards are easily made up without 
using a large amount of buffer mixtures, (2) the standards are made up 
with the indicator which is being used for the particular test, (3) by 
using an acid and alkaline buffer for the two colors the standards remain 
permanent for three months or longer, (4) the whole series of indicator 
standards are easily available, so that a complete set of color standards to 
cover the range between 1 to 12 pH is unnecessary and (5) the color can 
be matched at any point on the seale rather than estimated between two 
colors which are 0.2 pH apart. 

We have not had experience with the Duboseq type of pH colorimeter 
that Bausch and Lomb have on the market. It is undoubtedly a high 
class instrument. 

Acidity or Alkalinity of the Indicator Solutions.—The colorimetric 
method as commonly used is quite satisfactory on well buffered solutions, 
but when the buffer capacity is greatly reduced, as in distilled water or 
very soft waters, the acidity or alkalinity of the indicator will have a 
tremendous effect on the pH of the solution. Acree has shown that for 
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weakly buffered solutions the pH of the indicator solution should be the 
same as that of the unknown sample. This necessitates a series of in- 
dicator solutions in 0.2 pH steps and is quite laborious but quite neces- 
sary for very dilute solutions. Sludge liquors are sufficiently buffered so 
that this method is unnecessary, but we feel that it is reasonable to 
minimize this possible error by using indicators which are kept near 
the mid-point of their pH range. For example we keep bromthymolblue 
solution so that it is a grass green when drawn up in the pipette, or at 
about a pH of 7.1 which is the indicator constant. This is done by 
adding a few drops of 0.02 N acid or alkali to the indicator solution after 
it is made up, until the green color is obtained. On standing the indi- 
eator solution changes color (usually toward the acid side) due to the 
action of the glass bottle in which it stands. It can easily be brought 
back to the green color by adding a drop or two of the standard alkali. 


SUMMARY 
The colorimetric method for determination of the pH of sewage 
sludges is most satisfactory when reasonable precautions are taken. The 
authors have indicated some of these precautions which they think are 


important. 








THE QUANTITY OF GARBAGE THAT CAN BE DIGESTED 
WITH SEWAGE SLUDGE 


By C. E. KEEFER AND HERMANN Kratz, Jk. 


Principal Assistant Engineer and Junior Chemist, Bureau of Sewers, Baltimore, Md. 


The laboratory studies begun several months ago at the Baltimore 
sewage works on the anaerobie digestion of various mixtures of garbage 
and sewage sludge have been continued. The results of these prelimi- 
nary experiments ' indicated that garbage or a mixture of garbage and 
raw sludge would digest within 30 to 40 days when kept at a pH value 
of from 6.8 to 7.2 and at a temperature of 28° C. and when seeded with 
a sufficient quantity of ripe sludge. 

One of the next important steps in these investigations has been to 
determine the maximum quantities of garbage and raw sludge that can 
be digested by a given volume of ripe sludge. Laboratory experiments, 
lasting for a period of over four months, indicate that daily additions 
of garbage and raw sludge, having a total dry volatile solid content of 4 
and even as high as 5 per cent by weight of the dry volatile solid content 
of the digested sludge, can be digested with the formation of an easily de- 
waterable end product, which is free from odor. 


DESCRIPTION OF EXPERIMENTS 


A quantity of digested sludge, which was estimated to be about 50 
days old, was obtained from one of the heated sludge tanks at the Balti- 
more sewage works. This material, which had a pH value of 6.9, con- 
tained 52.2 per cent volatile solids, 6.9 per cent ether soluble matter and 
89.2 per cent moisture. The sludge was divided into a number of equal 


portions, each weighing 7,711 grams and containing 434.3 grams of dry 


volatile solids. Each portion was put into a 5-gal. earboy, into which 
daily additions of a mixture of garbage and raw sludge were made. 
The volumes of each of these materials added were adjusted so that they 
each contained equal weights of dry volatile solids. The total quanti- 
ties of dry volatile solids added daily amounted to 1, 2, 3, 4 and 5 per 
cent by weight of the original weight of dry volatile digested solids in 
each of the earboys. As no additions were made on Sundays or holi- 
days, a double portion of material was added on the preceding day. 
The bottles were incubated at 28° C.+ 1°. The materials were digested 
in two duplicate groups of carboys, and each result is an average of two 
determinations. In every case the corresponding results were quite 
uniform. 
250 
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The raw sludge used was obtained from one of the preliminary 
settling tanks at the Baltimore sewage works. This material was 5 or 6 
days old, and had a volatile solid content which varied from a minimum 
of 67.2 to a maximum of 86.5 per cent (see Figure 1). The ether soluble 
matter in the sludge ranged from 24.4 to 56.6 per cent (see Figure 2), 
and the pH value was 4.9 or less. The garbage, which was obtained 
from the municipal incinerator, was ground in a food chopper into a 
pulp before it was mixed with the raw sludge. The volatile matter in 
the garbage, which varied from 87.2 to 95.7 per cent, was considerably 
higher than that in the raw sludge. On the other hand, the ether soluble 
matter and the moisture were less. The garbage was quite acid as 
indicated by its pH value, which was 4.9-—-. Once a week sufficient 
sludge was removed from each of the bottles so that 7,711 grams of wet 
material, the original quantity started with, remained. Chemical an- 
alyses were made of the materials withdrawn. The volumes of gas 
formed were measured daily, and analyzed at least once a week and 
venerally oftener. 

RESULTS 

The extent to which digestion progressed was determined by the 
volatile solid content of the materials in the carboys. The results are 
shown in Figure 1, which gives the volatile solid content during the first 
146 days, when the materials were added daily, and also for the follow- 
ing 27-day period, when no additions were made. With both the 1 and 
the 2 per cent additions the volatile solid content was practically always 
below 55 per cent, and with the 3 and the 4 per cent additions the 
volatile matter was generally below 57.5 per cent. The 5 per cent addi- 
tion gave a peak of 61.6 per cent volatile matter. Normally, however, 
with this quantity of material added daily the volatile solids in the di- 
gested sludge did not average more than approximately 58 per cent. 
The ether soluble matter of the materials in the bottles (see Figure 2) 
usually varied from 5 to 10 per cent. The quantity of scum formation 
was practically the same as when only sewage sludge is digested. 

Although the amount of volatile matter in digested solids is a good 
index of the extent to which decomposition has progressed, a knowledge 
of the physical characteristic of the material is also of importance. At 
all times the appearance of the sludge in all of the bottles was the same. 
The solids had a dark brown color similar to that of ripe sludge. 
Furthermore, all of the materials streaked well when allowed to flow over 
a porcelain plate similar to well-digested Imhoff sludge. The solids in 
all of the earboys had lost their characteristic odors both of garbage and 
raw sludge, and had aequired a musty methane odor. 

The quantities and the chemical analyses of the gases produced from 
the digesting garbage and sludge are of considerable interest. Table I 
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Fig. 1—Changes in volatile solids in sludge, receiving from 1 to 5 per cent daily 
additions of a mixture of garbage and raw sludge. 
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Fig. 2.—Changes in ether soluble matter in sludge, receiving from 1 to 5 per cent 
daily additions of a mixture of garbage and raw sludge. 
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gives the quantities of volatile matter which was lost or disappeared 
from each group of five carboys during the digestion process, together 
‘with the gas produced. The quantities of volatile matter which were lost 
or disappeared naturally increased in those bottles receiving larger 
amounts of raw material. A total of 523.7 grams of volatile matter was 
lost in the carboys receiving 1 per cent additions, and 2304.6 grams were 
lost when 5 per cent additions were made. The average quantities of 
total gas and methane produced from all of the bottles were 961.6 ©.c. 
and 613.6 ¢.c. respectively per gram of dry volatile matter lost. When 
sewage sludge alone is digested, previous laboratory experiments? at 
Baltimore have demonstrated that the total gas and methane given off 
amounted to about 1300 ¢.c. and 780 ¢.c. respectively per gram of dry 
volatile matter lost. It is apparent, therefore, that the total gas and 
methane production per gram of volatile matter lost from a mixture of 


digesting garbage and sludge is not so great as from sewage sludge. 


The average ratio of the weight of total gas evolved to the weight of 
volatile matter lost, as determined from the analytical records, was 1.05. 
Where sludge is digested by itself, this ratio has been found to be about 
1.40 for Baltimore ? sludge. 

The chemical analyses of the gases produced are given in Table II. 
The percentage of methane given off, which varied from 60.4 to 65.4 per 
cent, is from 5 to 10 per cent lower than from sewage sludge digested at 
Baltimore. It is interesting to note that higher percentages of methane 
were formed in those bottles receiving larger quantities of solids. More 


TaBLE II.—Chemical Characteristics of Gases Produced from Digesting Garbage and 
Sewage Sludge 


Quantity of Dry Volatile 
Solids Added Daily 


Per Cent 

of Original 
Dry Volatile 
Solids Present 


Grams 


4.3 60.4 
9.7 63.6 
13.0 64.4 
17.4 65.2 
21.7 65.4 
34.6 58.7 
69.2 62.5 


or WN 


x 


nN — 
* 


* Digestion in 33-gal. drum containing 23.5 gal. of material. 
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hydrogen was produced than if the garbage had not been present. The 
volume of hydrogen formed, which ranged from 2.6 to 6.5 per cent, varied 
inversely with the percentage of methane produced and the quantity of 
solids added. The summation of these two gases was about the same 
from all of the earboys, with a minimum of 66.9 and a maximum of 68.0 
per cent. 

The quantities of total gas and methane produced in the bottles per 
‘ram of dry volatile solids added are given in Figure 3. These unit 
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Total gas and CH, production from sludge, receiving from 1 to 5 per cent 
daily additions of a mixture of garbage and raw sludge. 


volumes varied inversely with the amounts of solids added daily. The 
one per cent additions generated the largest unit volume of gas, and the 
5 per cent additions the least. The average quantities of total gas and 
methane produced were about 750 to 800 ¢.c. and 500 ¢.c. respectively 
per gram of volatile solids added. As can be seen in Figure 3 the 
fluctuations in the gas produced were considerable. With 1 per cent 
additions the total gas varied from a minimum of 710 to a maximum of 
980 ce. per gram of volatile solids added. These variations are most 
likely due to the changing character of raw solids digested. All gas 
volumes have been reduced to 0° C. at a pressure of 760 mm. of mercury. 
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The moistures of the materials in the carboys throughout the experi- 
ment are given in Figure 4. There was a gradual increase in the water 
- content of the solids, which indicates the liquefaction of solids. This 
liquefaction was greatest in the bottles receiving the 5 per cent additions 
and least in the case of the 1 per cent additions. 
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Fig. 4.—Changes in moisture of sludge, receiving from 1 to 5 per cent daily additions 
of a mixture of garbage and raw sludge. 


LARGER SCALE EXPERIMENTS 

It was considered desirable to conduct additional experiments on a 
somewhat larger scale than in the 5-gal. earboys. A covered steel drum 
with a capacity of 33 gal. was, therefore, used, in which garbage and 
sludge were digested. The drum was placed in the same incubator with 
the 5-gal. carboys. On January 25, 1933, nineteen days after the experi- 
ments using the carboys were begun, the drum was partially filled with 
88,880 grams (23.48 gal.) of digested sewage sludge, which contained 
3460.1 grams of dry volatile solids at a pH value of 7.0. From the above 
date on, the same garbage and raw sludge was added to the bottles and 
the drum. For a period of 29 days, to February 23, 1933, daily addi- 
tions of equal quantities of garbage and raw sludge (dry volatile solids 
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basis) were put into the drum, the amount being 34.6 grams of dry 
volatile solids, or 1 per cent of the dry volatile solids originally present. 
From February 24 to June 1, 1933, these daily additions were increased 
to 2 per cent. Once a week sufficient digested sludge was removed so 
that the volume of material remaining was the same as at the beginning 
of the experiment. 

The results of the studies are shown in Figures 1, 2, 3 and 4 and in 
Tables I and II. As indicated by Figure 1, which gives the percentage 
of volatile matter present during the experiment, the material decom- 
posed quite well. The digested sludge in the drum at the beginning of 
the experiments contained 55.3 per cent volatile solids. The volatile 
matter reached a peak of 57.7 per cent 85 days after the beginning of 
the work while 2 per cent additions were being made. The average 
amount of volatile matter present during the entire 127-day period was 
about 56 per cent. 

The quantity of volatile matter, which was lost or disappeared to- 
vether with the gas production, is shown in Table I. During the first 29 
days, when 1 per cent additions were made, 888.8 grams of volatile solids 
were lost and 993.4 grams of gas produced. The gas formed was 12 per 
cent in exeess of the volatile matter lost. For the remaining 127-day 
period, when 2 per cent additions were being made, 5077 grams of 
volatile matter were lost, and 6123.1 grams of total gas produced. In 
this ease the gas evolved was 21 per cent in excess of the volatile matter 
lost. These gas productions—especially with the 2 per cent additions— 
are considerably greater than those where the garbage and the sludge 
were digested in the 5-gal. earboys. The only plausible explanation for 
these somewhat different results is that the former sludge was in a steel 
drum whereas the latter material was in glass containers. Possibly the 
steel in contact with the sludge had an accelerating action on digestion. 
The quantity of methane produced from the sludge, to which 2 per cent 
additions were made, was 62.5 per cent (see Table II), which was not 
far different from the percentage of methane in the gas given off by the 
sludge in those 5-gal. carboys which received the same amount of raw 
material daily. 

As indicated by Figure 3, the total gas and methane produced were 
generally greater than from the material in the bottles. The total gas 
production averaged about 850 ¢.c. per gram of dry volatile solids added, 
and the average methane production was about 500 ¢.c. That there was 
some liquefaction of solids is apparent by Figure 4. The material at the 
beginning of the experiments contained 93.0 per cent moisture, and after 
127 days the water content was 94.3 per cent. 


4 
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CONCLUSIONS 


The results of the experiments in so far as the digestion of Baltimore 
‘garbage with sewage sludge is concerned indicate the following: 

1. A mixture of equal quantities of garbage and raw sludge on a 
volatile solids basis digests rapidly when seeded with the proper amount 
of digested sewage sludge and kept at 28° C. 

2. Daily additions of as much as 5 per cent of the initial volatile 
solids, consisting of 214 per cent garbage and 214 raw sludge, can be 
satisfactorily digested with the production of a non-offensive, easily de- 
waterable end-product. 

3. Although daily additions of raw material greater than 5 per cent 
were not made, it is doubtful whether quantities much larger than this 
can be digested with satisfactory results. 

4. The total gas and methane production was somewhat higher than 
was previously found.' The total gas was about 750 to 800 ¢.e. and the 
methane 500 ¢.c. per gram of dry volatile solids added. 

It should be emphasized that all of the experiments, including the 
digesting of the materials in the steel drum, were on a laboratory scale. 
Before any final and comprehensive conclusions can be reached regard- 
ing the practicability of digesting mixtures of garbage and sewage 


sludge in considerable quantities, a series of large scale experiments 


should be conducted at several municipalities over a considerable period 
of time, preferably with different kinds of garbage and sewage sludge. 

As a result of the above studies a temporary grinding station has 
been erected in the eastern part of the City of Baltimore, where con- 
demned produce or garbage can be ground and discharged into the out- 
fall sewer, adjacent to the station. Equipment is available for the grind- 
ing of 20 tons of material an hour. 

The Baltimore sewage works, where the experiments were conducted, 
are under the general supervision of B. L. Crozier, chief engineer, de- 
partment of publie works, and G. E. Finck, sewerage engineer, with G. K. 
Armeling, superintendent. J. W. Bushman, to whom acknowledgments 
are due, assisted in the laboratory work. 
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DIGESTION OF GARBAGE 
By Gorpvon M. Fair 


Associate Professor of Sanitary Engineering, Harvard Graduate 
School of Engineering, Cambridge, Mass. 


The paper on the digestion of garbage with sewage solids by Keefer 
and Kratz in the January, 1933, issue of THIs JoURNAL ealls to the 
author’s mind an unpublished study of the digestion of garbage com- 
pleted in his laboratory in February, 1928. It was the intention of this 
study to determine what would happen to digestion tanks that received 
the garbage of a municipality as well as its customary load of sewage 
solids. An error in preparing the mixtures of garbage and sewage 
solids, however, yielded mixtures in which the ratios of volatile matter 
were such that the sewage solids did not serve their purpose as buffering 
media and as a source of adequate quantities of nitrogen. They merely 
became inoculants of a flora and fauna accustomed to the anaerobic 
liquid habitat of a digestion tank. The mixtures, therefore, approached 
those employed by Keefer and Kratz in which garbage was digested with- 
out seeding sludge. For these Keefer and Kratz report absence of gas 
production. 

The characteristics of the garbage and sewage solids and the com- 
position of the mixtures employed are given in Tables I and II. Ob- 


TABLE I.—Characteristics of Garbage and Sewage Solids 








Material Moisture 


Garbage Mae SGlatrs 
PRCSNGSOMUS 3. alea sues 


| V — Solids 
| 
Ripe sludge............. | 


| 
| 





TaBLE II.—Composition of Garbage and Sludge M ixtures: 








Fresh Ripe ‘ [Ratio of Vola- 
ete : Water | 

Solids | Sludge Cialis | tile a 
Grams | Grams rt | (2) : ): (4) 
(2) (3) (4) (5) | 6) 


Garbage 


Mixture : 
Grams 





Fresh Solids ; and Ripe idan. 1050 if 375 | 
Garbage, Fresh Solids and | 
apie SIGS. cs vies. 2' ss | “1500 375 ) 1060 140 : 
Garbage, Fresh Solids and 
Paria pH —.- 1500 ) 1060 140: 
500 460 | 120: 





C22 




















=| 
< 
Z 
ee 
=) 
© 
eS 
RQ 
<a] 
-=j 
o 
4 
a 
So 
< 
S 


SE 











"8261 ‘OT Arenaqay penutyUuoosIp 910M $4S9,], 





9g | Gy yi ee 
9°¢ 1 an , ¥ | $8 
v8 | st | | VP | | && 
9g | | > - Ze 


— 


99Z FI 
992 $I 
£92 ai 
1¥% II 


aa oS 
— 
ry ty fy 


9¢ | | i oe | ZG 
GZ 9°¢ | | i a: — | 161 
tz ge | | | fy | ¢91 
ad 9°¢ | | 1% | CFI 
IZ ( 9'¢ | | | 9% | aa 





61 z 9g | | g° — | ¥% | 9gI 
LI ce | z - | 8 ' - | 601 
GI Ze | | py | S ae |, GL 
€I ee: LI ‘s | | oF 
II ce | $F 4 GI ZI 61 











G 








[839], T®39,.L : [8}9.L : 
ae | Hd |———— = 

uoIJNpolg ser) uOIJONpOIg sBry uoTpONpoOIg SV) uoTpONpoIg SV ee 

: 7 ‘QUILL, 

posdepy 


espnyig odry | peTfouyuoy Ad ‘ospnyig ody | aspnyig odiy espnyig diy 
pus odeqier | pus spljog ysoly ‘adequery pue sprog ysoiq ‘oBequey | pues spIjog yso.y 


(qd | ‘sprjos oyQBIOA Jo WBAZOTTY Jod sioqrT x) 


‘saunjarpy buysabrq fo | uoynuyuaouo, uor-uaboiphip puo , wowonpotg spy) aaynjnung— JI] ATaV,L 

















Vol. 6, No. 2 DIGESTION OF GARBAGE 961 


servations of gas production and changes in hydrogen-ion concentration 
are presented in Table III. The results confirm the findings of Keefer 
and Kratz. 

In connection with the results reported by Keefer and Kratz, it may 
be worth while to consider what quantities of garbage and sewage solids 
may be expected in an average Northern American municipality. The 
fivures in Table IV are given in the literature. 


Taste 1V.—Expected Quantities of Garbage and Sewage Solids in an Average Northern 
American Municipality 








Volatile | 


; Per ( —_ Moisture | ; 
Material | Production Lb. o7 | Matter | Authority 
} per Year : | q | 
MAAR DEBS. Soe eee ol 180 75 | 90 * | Am. Civil Engineer’s 
| Handbook, p. 1751. 
Plain Sedimentation | | | 
Sludge...........-. 800 eee ee | Metealf and Eddy, p. 
680. 
Digested Sludge... .. 168 85 | 45 * | Metealf and Eddy, p. 
| 680. 





* Estimated from various results. 


On the basis of these values the expected ratio of garbage to fresh to 
digested solids is 3.6:1.5:1. In the light of the results reported by 
Keefer and Kratz it would appear, therefore, that normally the quanti- 
ties of sewage solids are inadequate to satisfy the demands for good 
digestion of all the garbage of a community with its sewage solids. It 
may be, however, that the material resulting from the digestion of suit- 
able mixtures of garbage and sewage solids can itself serve as seeding 
material and thus more nearly meet the needs of the process. 












Plant Operation 


RECENT DEVELOPMENTS IN SEWAGE TREATMENT : 
By HARRISON P. Eppy 


Consulting Engineer, Statler Building, Boston, Mass. 


During recent years relatively few sewage treatment plants have been 
constructed in the United States, largely due to the prevailing economic 
conditions. The technical press, however, has contained many interest- 
ing articles describing investigations of new processes and improvements 
to old ones. Much study has been devoted to the treatment and disposal 
of sewage solids, as well as to the treatment of sewage itself. Among the 
fields in which there have been significant developments in recent years 
may be mentioned the following: sludge digestion, mechanical dewatering 
and incineration of sludge, reduction of biochemical oxygen demand of 
sewage by chlorination, and chemical precipitation of sewage. 


SLUDGE DIGESTION 


The storage, removal and disposal of the sewage solids deposited in 
clarification units is an integral part of sedimentation and chemical 
precipitation processes. In general, these solids are subjected to 
anaerobic decomposition, or digestion. In the early days of sewage 
treatment, sludge was subjected to digestion while remaining in contact 
with the flowing sewage, as in the septic tank. The next development 
was the two-story settling tank, in which the solids settling from sewage 
in the sedimentation compartment are digested in another compartment 
of the same tank. More recently, separate tanks have been developed 
for the digestion of sludge, thus making the control of the digestion 
process more practicable. Furthermore, the expense and construction 
difficulties sometimes incident to the great depth of two-story tanks may 
be reduced by separating digestion units from sedimentation units. 

Temperature of Digestion.—Sinee digestion is a biologically-activated 


process, decomposition proceeds most rapidly at temperatures at which 
life processes of the organisms of decay are most active. Such tem- 
peratures are considerably above the average air temperatures of the 
northern United States. Low temperature retards digestion, necessitat- 
ing storage of the sludge in the digestion units for longer periods of 


* Presented before the Fifth Annual Meeting of the New England Sewage Works 
Association, Worcester, Mass., October 2, 1933. 
262 





been 
mie 
rest- 
ents 
osal 
the 
ears 
ring 
d of 


d in 
Lical 
| to 
vage 
tact 
nent 
vage 
nent 
yped 
tion 
tion 
may 


ated 
hich 
tem- 

the 
itat- 
s of 


Jorks 


Vol. 6, No. 2 DEVELOPMENTS IN SEWAGE TREATMENT 963 


time. ‘Therefore, the heating of separate sludge-digestion tanks has come 
into vogue recently. 

A committee of the American Society of Civil Engineers, which has 
been studying the problem of sludge digestion, finds that up to 125° F., 
or somewhat more, the time of digestion is decreased as the temperature 
increases.'. Information available to the committee in 1932 indicated 
that temperatures above 80° KF. and approaching 100° F. are desirable 
for digestion. 

After a half-year’s operation of the new sewage treatment plant at 
Rome, N. Y., H. W. Taylor coneludes that the optimum temperature for 
sludge digestion appears to be between 78° and 84° F.? He reports 
that after January first the sludge temperature increased rapidly, ac- 
companied by increasing gas production, but that the high temperatures 
obtained in June, reaching at times more than 90° F., were not favorable 
to gas production. 

Digestion at the higher ranges of temperature is still under investi- 
gation. It has been found in some eases that at temperatures between 
125° and 135° F. digestion proceeds rapidly, due to the development of 
heat-loving or thermophilic organisms. On the other hand, Fischer 
reports that large-scale tests on digestion at 130° F. as compared with 
90° at Aurora, Ill., have failed to show a more rapid rate of digestion or 
vreater gas production at the higher temperature.’ Thermophilic 
digestion there gave unfavorable results, in that it caused seum forma- 
tion, increased the hydrogen sulphide content of the gas, produced a 
digested sludge that was difficult to dewater, and brought about a highly 
putrescible overflow that would require special treatment before it could 
be returned to the raw sewage. 

Up to the present time data are not available on the operation of large 
plants which would justify a final conclusion as to the best and most 
economical temperature for digestion of a given type of sludge. That 
temperature is appreciably more influential in accelerating the digestion 
of activated sludge than that of plain-sedimentation sludge is indicated 
by the studies of Fair and Moore.* | These authors add, however, that 
activated sludge does not digest so well in general as plain-sedimentation 
sludge. 

Concentration Prior to Digestion.—Attention has been given recently 
to the concentration of raw sludge prior to digestion, for the purposes 
of increasing the average sludge density in the digestion tanks, reducing 
the volume of overflow liquor, and thus cutting down heat losses. 
Present indications are that relatively high concentrations can be ob- 
tained by means of auxiliary thickeners or decanting tanks. Taylor 
states that experiments at Rome have shown that fresh sludge concen- 
trates quickly to something less than 70 per cent of its initial value.* 
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It is not desirable, however, for the concentration to take place uncer 
exposure to the sun’s rays in summer. He believes that it could be iec- 
‘complished readily in a covered tank within three hours. 

Utilization of Gas from Sludge Digestion—Until recent years litile 
progress was made in this country in utilizing the gases given off during 
digestion of sewage solids, although their value long has been recognized. 
When the advantage of heating sludge-digestion tanks to reduce the 
digestion period was demonstrated, the possible economy of collecting 
and utilizing the gases of decomposition for heating the sludge was 
appreciated quickly. The facility with which such gases could be col- 
lected in roofed, separate sludge-digestion tanks was a contributing 
factor in the spread of their utilization. At some plants the gases are 
used as fuel in gas engines, and the collection and burning of gas in 
waste-gas burners, either open or enclosed, is considered worth while in 
some cases, to prevent the possibility of escape of offensive odors, even 
though the energy of the gas largely is wasted. Other methods of 
utilizing sludge gas include heating and lighting of buildings, ineinera- 
tion of screenings, operation of gas refrigerators, and sale of the gas to 
gas companies. 

The volume of gas produced in the digestion of sludge depends 
largely upon the quantity and character of sewage solids digested. 
Between 8 and 11 eu. ft. of gas commonly is produced during complete 
digestion by a pound of volatile, fresh sewage solids, settling from 
domestic sewage. Between 70 per cent and 80 per cent of this gas is 
combustible, being largely methane. The remainder is chiefly carbon 
dioxide and nitrogen. Under ordinary conditions of operation, diges- 
tion is not carried to completion and only about 75 per cent of the total 
possible gas evolution takes place. On this basis, an average figure for 
per-capita gas production may be about 0.4 cu. ft. daily. In the presence 
of large quantities of organic industrial wastes, however, the average 
value may be exceeded two-fold or more. 

Walraven recently has studied the question of developing power 
from sludge gas at Springfield, [l., and is convinced that in many in- 
stances cities are overlooking a valuable source of energy by using such 


gas for heating purposes, instead of as fuel within an internal-combus- 
tion engine.° At the sewage treatment plant of the Springfield Sanitary 
District in 1932, sludge was digested in six separate digestion tanks, two 
of which were covered with floating steel gas domes. The volume of gas 
collected fluctuated between 30,000 and 65,000 cu. ft. a day, with an 
average of more than 40,000 cu. ft. a day. Walraven was of the opinion 
that, if gas covers were placed on two additional tanks and the remaining 


two uncovered tanks were used for sludge storage only, an average of 
50,000 cu. ft. of gas could be trapped daily. He estimated the gross 





ittle 
ring 
zed. 

the 
ting 
was 
col- 


ting 


are 


S in 
e in 
ven 
s of 
era- 


Ss to 


ends 
ted. 
ylete 
rom 
is 1S 
‘bon 
oes- 
otal 

for 
ence 


rage 


wer 
- n- 
such 
bus- 
tary 
two 
oas 
| an 
ion 
ling 
e of 


ross 


Vol. 6, No. 2 DEVELOPMENTS IN SEWAGE TREATMENT 265 


annual saving by using this quantity of gas as fuel for a combustion 
engine at $8,300, compared to burning it in a furnace. Since that time 
an internal-combustion engine using sludge gas as a fuel has been in- 
stalled at Springfield and is reported to be operating efficiently and 
successfully. The engine cooling water and exhaust gases are utilized 
to heat the digesters, and sufficient heat is said to be developed to main- 
tain adequate digestion temperatures. A similar installation has been 
made at Rockville Centre, N. Y. 

At the Sugar Creek plant, Charlotte, N. C., two gas engines are avail- 
able for utilization of sludge gas, with provision for heating the digestion 
tanks with engine cooling water.’ One 225-hp. engine is directly con- 
nected to an air compressor, while the other 75-hp. unit drives a sewage 
pump. MeConnell reported that, due to mechanical difficulties, this 
method of gas utilization has not proved very satisfactory. The cost of 
maintaining the engines practically wipes out the value of the power 
produced. 

Krom these examples it is evident that, although the utilization of 
sludge gas for fuel in internal-combustion engines gives promise of 
savings in fuel costs, installations must be designed and operated with 
care in order to insure success. 

At Greenwich, Conn., sludge gas is used to operate an Electrolux 
refrigerator in the laboratory of the Old Greenwich sewage treatment 
plant... Griffin states that, with a few minor changes to the standard 
gas burner, the refrigerator has operated perfectly, maintaining a tem- 
perature of 40° to 45° F. from June to December, 1933. The quantity 
of gas used for this purpose is thought to be about 5 eu. ft. an hour. 


MECHANICAL DEWATERING OF SLUDGE 


Although sewage sludge is dried most commonly on sand beds, other 
methods of dewatering sometimes are used, such as filtering with or 
without additional pressure or vacuum, and dewatering in centrifuges. 
Because of the expense of storage tanks or glass-covered beds for dis- 
posal of heated sludge, studies have been made during the past few years 
at Chicago, Baltimore, and other places, to determine whether partially 
or wholly digested sludge could be dewatered mechanically by vacuum 
filters and mechanically dried or destroyed in incinerators, thus eliminat- 
ing both storage tanks and sand beds. 

Filtration of Sludge.—At Chicago, a study was made of the possi- 
bility of filtering mixtures of fresh solids and activated sludge, thus 
eliminating digestion completely. According to Mohlman, the fresh 
sludge filtered on an Oliver filter at higher rates and with less expense 
for ferric chloride, used as a coagulant, than the digested sludge.® 
MohIman states that filtration of mixed fresh and activated sludges 
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‘‘appears to be preferable to filtration of activated sludge alone. ‘he 
moisture content is lower, varying from 95 to 97 per cent; vacuum 
‘filters can be operated at higher speeds than with the dilute activated 
sludge.’’ 

At Baltimore, a series of experiments was conducted in 1931 and 
1932, using two types of vacuum filters, a Genter and an Oliver, to de- 
water sludge from digestion tanks.'° Both filters were found capable of 
satisfactorily dewatering digested sludge. Keefer and Cromwell belicve 
that the merits of the process are sufficiently attractive to warrant the 
purchase of filtering equipment for Baltimore as soon as funds are avail- 
able. At this plant digested sludge has been dried on sand beds for 
many years. 

Keefer and Cromwell state that the chief advantage which ‘‘sludee 
filtration affords, as compared with air-drying methods, is that, in so far 
as Baltimore conditions are concerned, the process is considerably 
cheaper. Where the sludge is digested in heated tanks, from which the 
gas is collected, and the material is then filtered, it is always possible to 
convert the energy in the gas into electric power, which can be used to 
operate the filters and the auxiliary equipment. Following such a plan 
should still further reduce the cost of sludge drying, especially where 
electric power is expensive.’’ 

It should be pointed out, however, that the vacuum filters in the 
Baltimore tests were not as effective in removing moisture from digested 
sludge as sand beds have proven over a period of years. When ferric 
chloride was used as a coagulant, the average moisture in the digested 
sludge cake from the Genter filter was 76.7 per cent and that in the cake 
from the Oliver filter was about 74.9 per cent. The average moisture in 

the dried sludge from the sand beds during the 7 years preceding 1932 
was only 72.1 per cent. 

Sludge Conditioning.—Investigations have been carried on recently 
at Chicago, among other places, relative to the prefiltration treatment of 
sludge for the purpose of facilitating filtration. The outstanding value 
of ferric chloride as a conditioner for sludge was reported by Mohlman 
and Palmer in 1928.'! Since then ferric chloride has been used in prac- 
tically all sewage works where sludge has been filtered on vacuum filters. 
In the past few years efforts have been made to find some augmenting or 


cheapening agent to use with ferric chloride. From laboratory experi- 
ments made during 1931 and 1932 at Chicago, Mohlman and Edwards 
have drawn the following conclusions: '* ‘‘Substantial reduction was ob- 


tained in the amount of ferrie chloride required by fresh sludge, by addi- 
A 
large saving in ferric chloride on digested sludge was indicated by the 
use of lime, following ferric chloride treatment, in amounts sufficient to 


tion of a small amount, 1 per cent or less, of sodium dichromate. 
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raise the pH to 9.0 or more. . . . Paper pulp seemed to have some value 
as a filter aid if used in large amounts, equal to 50 per cent or more of 
the weight of dry sludge solids. Moderate heating, from 72° to 90° F., 
before addition of ferric chloride improved filtration of fresh solids quite 
noticeably.’’ 

Genter Process of Elutriation of Sludge-—Experiments were con- 
ducted by A. L. Genter at Baltimore during 1933 on the elutriation of 
sludge preparatory to mechanical dewatering. The elutriation process 
is based on Genter’s conclusions that soluble amino and ammonia com- 
pounds in sewage sludge are detrimental to the economical coagulation 
of the colloids by the chemicals used for conditioning the sludge for 
dewatering. The object of the process is to reduce the proportion of 
these ‘‘ammoniacal compounds’’ in the sludge before treating it with 
coagulants preparatory to dewatering. Elutriation consists in mixing 
the sludge with sewage, effluent, or water, containing a smaller propor- 
tion of the amino and ammonia compounds than is present in the sludge, 
allowing the sludge to settle, and decanting the elutriating water, thus 
reducing the concentration of the objectionable compounds. The elutri- 
ate is returned to the incoming sewage. The Baltimore tests have in- 
dicated that the elutriation of sludge prior to conditioning and vacuum 
filtration allows a material reduction in the quantity of ferric chloride 
required for conditioning and produces a substantial increase in the 
rate of yield of sludge cake. 

Spray Drying.—The Industrial Associates, Ine., have developed a 
process for the drying and eventual incineration of wet sludge.’* The 
sludge to be dried is stored in a tank, from which it is fed into a ecen- 
trifugal spray machine and atomized in a horizontal plane near the top 
of the spray chamber. The dried product falls to the floor of the 
chamber and is collected by a revolving rake, which delivers into a central 
chute, discharging into a car or conveyor. The exit gases, laden with 
moisture and a certain amount of the dust of the dried product, are 
carried out of the drying chamber through a duct into a eyelone dust 
collector. Rudolfs and Cleary report that ‘‘at a demonstration of this 
device at Poughkeepsie, New York, in 1931, the apparatus dried 3 
gallons of sludge, moisture content 88 per cent, in one minute.’’ So far 
as is known, no tests of this process on a large scale have been reported, 
but an installation was made at Plainfield, N. J., in the latter part of 
1933, for the spray-drying of sludge. 


INCINERATION OF SLUDGE 


In an attempt to utilize the calorific power of sludge in its disposal, 
the burning of sludge was attempted at a few places in the United States 
in the early days of sewage disposal: notably, at Worcester, Mass., in 
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1891 and at Coney Island, N. Y., for a number of years prior to 
1892.14 This method of sludge disposal, however, has not been ein- 
‘ployed to any great extent. 

Chicago Experiments.—At Chicago within the past few years experi- 
ments have been made on the incineration of sludge which had been <e- 
watered by means of vacuum filters.‘° Different types of grates have 
been tried, in particular the Harrington grate, a movable type which 
prevents sealing of the grate bars by the formation of a cinder or slag. 
Pearse reports that ‘‘the sludge apparently burns fairly readily, with a 
minimum odor. With the moisture content around 70 per cent or 
higher, it is necessary to add some coal or other fuel... . An inert 
cinder-cake residue is left, resembling a clinker, with probably less than 
one per cent of organic matter, something entirely inodorous, and _ suit- 
able to dump and forget.’ 

In the process of sludge incineration, Pearse says ‘‘there is still the 
This does not appear insuperable, because the tem- 


problem of odor. 
perature of combustion is planned to be above 1500° Fahrenheit. If 


sludge is burned at low temperatures, however, around 300 to 500°, 
tests in the laboratory indicate that objectionable odors will be pro- 
dueed.’’ 

A large test plant, with a capacity of 20 to 30 tons daily, was built 
at Chicago in 1932 and operated for some months, to earry on these 
incineration studies, a rotary dryer being used to reduce the moisture 
content of the sludge cake from 80 per cent to 20 per cent, preparatory 
to incineration. At the end of 1933, this incinerator plant was being 
replaced with one of a different type. 

New Jersey Experiments.——A mechanical method of sewage treat- 
ment, obviating any biological treatment process and providing for the 
ultimate disposal of sludge, has been investigated on an experimental 
scale at the New Jersey sewage experiment station, in cooperation with 
the Isbell-Porter Co.’ It consists of a series of tanks, filled with 114-in. 
slag, through which the raw sewage is filtered upward. The sludge- 
covered slag is removed from time to time and incinerated in a specially 
designed caleiner. 

Rudolfs and Hay state that ‘‘the field for a system as described 
would be mainly between plain sedimentation and sedimentation plus 
trickling filters or activated sludge. . . . The method produced results 
of about 70 per cent suspended solids reduction and from 55 to 60 per 
cent reduction in B.O.D. with an application of about 75 million gallons 
per acre per day. . . . Experiments have shown that about 2 per cent 
of the slag is disintegrated and can be screened out over a 14-in. screen. 
. . « The amount of ash to be expected per million gallons domestie sew- 
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age containing 200 p.p.m. suspended solids and with a removal of 70 
per cent would be about 280 pounds or less.’’ 

No estimate of the cost of operating such a system on a large scale is 


reporte i. 


REDUCTION OF BIOCHEMICAL OXYGEN DEMAND OF SEWAGE 
CHLORINATION 


Chlorination of sewage or effluents consists of treatment with chlorine 
or bleaching powder, for the purposes of disinfection, retardation of de- 
composition, reduction of biochemical oxygen demand, control of odors 
or control of Psychoda, cleaning of the distribution system and destruc- 
tion of surface films on trickling filters. Although chlorine may be 
applied for one or more of the purposes mentioned, all of them may be 
accomplished to some extent when sewage is chlorinated. The fact that 
much of the chlorine applied to sewage is used up by unstable sewage 
matters is reflected in a reduction in the B.O.D. of the sewage. This 
effect of chlorination has been studied recently by several investigators, 
and the available data have been reviewed by the Committee on Sewage 
Disposal, American Public Health Association. This committee has 
come to the following conclusions : ** 

‘1. Chlorination, to give residuals of 0.2 to 0.5 p.p.m. after 10 min- 


utes, produces a reduction in oxygen demand of 15 to 35 per cent; the 
reduction expressed in p.p.m. being roughly proportional to the quantity 


of chlorine absorbed. 

‘2. The evidence indicates a reduction of at least 2 p.p.m. of oxygen 
demand for each p.p.m. of chlorine absorbed, the reduction expressed in 
p.p.m. being fairly constant irrespective of the number of days in the 
incubation period. 

‘3. The disturbance of the normal flora and fauna in sewage effluents 
by the addition of chlorine leads to difficulties in the use of the B.O.D. 
test which will require further research before the proper interpretation 
can be made of some of the reported results. 

‘‘4. Chlorination sufficient to produce free chlorine in a stream 
receiving the chlorinated sewage or effluent will retard the normal de- 
composition processes, thereby tending to prevent anaerobic conditions 
during the normally critical period of rapid oxygen depletion. Such 
retardation of decomposition permits opportunity for reaeration and 
additional dilution from tributary streams to maintain aerobie condi- 
tions. 

‘*}). In the ease of a stream containing extensive sludge deposits, the 
effect of excess chlorine carried in a sewage effluent may be negligible in 
so far as the maintenance of aerobic conditions is concerned.’’ 
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CHEMICAL PRECIPITATION 


Chemical precipitation is a method of increasing the sedimentation 
of suspended matter and inducing that of colloidal matter by the adidi- 
tion to sewage of chemicals that in one way or another form ‘‘floc’’ in 
the liquid, the floc drawing to itself the substances that it is desired to 
remove from the sewage, or being produced by these substances. Sludze 
is produced in great quantity, often reaching 5,000 gallons of sludge 
with 7.5 per cent solids for each million gallons of sewage treated. 
Furthermore, the effluent ordinarily has been putrescible and not com- 
parable with the effluents produced by oxidation processes. These draw- 
backs, together with the expense of the chemicals, have curtailed the use 
of chemical precipitation and have led to its abandonment in most of the 
American municipal plants formerly employing the process, notably 
those at Worcester, Mass., and Providenee, R. I. 

A number of works in Great Britain, however, still employ chemical 


precipitation. A patent, obtained by Rudolfs in 1931 and assigned to 


the National Aluminate Corp., covers a process of treating sewage which 
comprises adding to it soluble iron salts in the proportion of 3.5 to 5.0 
p.p.m., and during the past two years several processes of sewage treat- 
ment, all employing chemical precipitation, have been the subject of 
experimentation and have been given some prominence in the technical 


press. 
Laughlin Process.—In 1932 a sewage treatment plant using a chemi- 
eal precipitation process developed by W. C. Laughlin was put into 
operation at Dearborn, Mich.’® Here the substances added to the 
sereened sewage have been varied from time to time, but in general are 
pulped waste paper, lime and ferric chloride. The effluent from the two 
precipitation tanks is subjected to rapid upward filtration through a thin 
layer of magnetite sand, which is cleaned periodically by a traveling 
magnetic device. The final effluent is chlorinated and the sludge is 
dewatered by vacuum filtration. Sludge from plain sedimentation tanks 
at another treatment plant is discharged into the sewage entering one 
of the chemical precipitation tanks. 

From October, 1932, to February, 1933, the Dearborn plant treated 
an average of 2.85 m.g.d. of sewage from the West Side area and 0.25 
m.g.d. of sludge from the East Side sedimentation tanks.” » During this 
period the plant effected reductions of 95 per cent in suspended solids and 
88 per cent in B.O.D., based on the composite analysis of incoming sewage 
and sludge. Because of a contract for disposal of sludge from the East 
Side plant, the Dearborn chemical plant is rarely operated on sewage 
alone. However, for a period during June and July, 1932, West Side 
sewage alone was treated. The results obtained during 26 days, ‘‘be- 
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lieved to be more nearly representative of normal sewage with the proper 
lime dosage,’’ have been reported by Zack.?!' The reduction of suspended 
solids was from 212 to 20 p.p.m., or 91 per cent, and of B.O.D. from 112 
to 38 p.p.m., or 66 per cent. 

In Miller’s opinion,*’ this plant ‘‘ provides a degree of treatment that 
is far in exeess of that provided by plain sedimentation. In faet, it is 
sufficiently high to approach that of the activated-sludge process or 
trickling-filter installations, although it is still somewhat below them.’’ 

Guggenheim Process.—Another chemical precipitation process, which 
is still in the experimental stage, has been developed recently at the 
Guggenheim Laboratories.** This process consists essentially of four 


steps: 


1. Removal of suspended solids by coagulation with iron compounds and 
lime, and settling the coagulated solids in the form of a sludge. 

2. Disposal of the sludge by filtration and complete incineration. Re- 
generation of the iron as ferric sulphate from the incinerated ash, 

3. Removal from the chemical effluent of the basic nitrogen compounds, 
together with attendant groups containing carbon, hydrogen, sul- 
phur, ete., by an exchange reaction using zeolite. 

4. Regeneration of the zeolite and thereby concentration of the basic 
nitrogen compounds in the salt solution, and subsequent recovery 
of ammonia from this solution. 


As a result of operating a model plant of this type in New York City 
for 24 hours a day for about eight months, Gleason and Loonam have 
reported a removal of suspended solids and B.O.D. of 99.5 per cent and 
96.7 per cent, respectively.** Their study leads them to believe that 
‘“‘one of these plants, with a capacity of 50,000,000 gallons or more per 
day, can be installed at a cost of approximately two-thirds of the cost 


of an activated sludge plant of corresponding capacity.”’ 


With regard to cost of operation, Gleason and Loonam report as 
follows: ‘‘Our estimates indicate that the cost of operating and main- 
taining a chemical process plant with a daily capacity of 50,000,000 
gallons or more would be about $22.00 per m.g.d. (In this figure, no 
credit is taken for the ammonia recovered and no account is taken of 
interest or amortization charges. ) ’’ 

The operating results obtained during six months’ operation of a 
28,000-¢.d. Guggenheim plant at the North Side sewage treatment works 
of the Sanitary District of Chicago have been reported by Gleason and 
Loonam.** Tron and lime were added at the rates of 29.6 and 50.0 p.p.m. 
respectively. The plant effluent showed an average reduction of 90.8 
per cent in the 5-day B.O.D. and an average removal of suspended solids 
amounting to 97.7 per cent. The moisture in the sludge from the 
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clarifier was reduced by a thickener and a vacuum filter from 95.2 per 
cent to 76.4 per cent prior to disposal of the sludge in a rotary dryer 


and incinerator. 
Gleason and Loonam point out that, as compared with the activated- 
sludge process, the Guggenheim process has the advantage that the sludge 


produced is discarded, so that temporarily unfavorable conditions, if 
they occur, have no prolonged effect. 

Putnam Process.—Experiments have been carried on lately by A. R. 
Putnam at Valparaiso, Ind., in which the sewage first receives ground 
charred sludge from the incineration of the sewage solids.** It then 
enters a receiving well, where about 5 per cent of the sludge previously 
removed is returned to the sewage. Milk of lime is then introduced. 
Ferric chloride is added as a coagulant, and the sewage is pumped into 
a mixing trough and passes into vertical-flow sedimentation tanks. The 
effluent is aerated, treated with a sterilizing agent and discharged into a 
sterilizing tank, the bottom of which contains a half-ineh of charred 
sludge supported by a 16-inch layer of sand, if filtering is thought 
necessary. 

The sludge is dewatered by a vacuum filter, dried and charred in a 
retort. The charred sludge is ground and screened to 200-mesh, and 
applied to the raw sewage. 

Ferric Chloride Treatment.—Another chemical-precipitation process 
which has been carried on experimentally within the past year involves 
the use of ferric chloride. From August, 1932, to January, 1933, a 
small sewage treatment plant was operated by the Great Western 
Electro-Chemical Co. at Palo Alto, Cal., with the object of determining 
the effect of the use of ferric chloride in coagulation, and the prac- 
ticability of regenerating a spent coagulant through the use of chlorine.** 

In regard to the latter point, it was found that, as regeneration of 
the coagulant continued, a point finally was reached when the floe would 
not settle out. Furthermore, the chlorine demand of the spent coagulant 
increased with each successive regeneration. 

At Grand Rapids, Mich., Eldridge and Damoose have studied the 
feasibility of adding ferric chloride to sewage during short periods of 
the year in the existing settling tanks, for the purpose of improving 
oxygen conditions in the receiving stream by removal from the sewage 
of greater proportions of the solids and oxygen-demanding materials 
than the treatment plant normally removes.** They report that the ap- 
plication of ferric chloride in amounts up to 10 p.p.m. showed an increase 
in the removal of suspended solids and a reduction in the B.O.D. and 
chlorine demand. During the eight days of ferric chloride treatment 
the increase in dry solids removed as sludge was 17.8 per cent. Eld- 
ridge and Damoose conclude that the use of ferric chloride during 
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short periods of the year may be justified, if conditions in the stream 
approach the critical stage. 

Paper Pulp Filtration—At Rockville Centre, New York, vacuum 
filters have been installed, to filter the effluent from an activated-sludge 
plant to the volume of 3 m.g.d., as well as to filter a like volume of 
effluent from primary settling tanks preceding activation. The process 
involves a modification of chemical precipitation, in that paper pulp is 
added to the sewage before filtration, the paper coagulating the sus- 
pended solids to form a mat on the filter. The purpose of the installation 
is to reduce the quantity of suspended solids reaching the sand filters, 
which form the final step in the sewage treatment process. 

W. G. Taylor describes the method of paper pulp filtration as fol- 
lows: 7° ‘Pulp made from waste paper may be pumped into the filtering 
equipment and there disseminated through the incoming sewage: upon 
application of vacuum the mat is formed. The same pulp may be used 
and re-used throughout many eyecles of operation. On the average the 
mat may be said to consist of three-quarters paper and one-quarter 
sewage solids.” When the cake contains approximately equal parts of 
paper pulp and foreign solids, ‘‘the entire charge of pulp, together with 
entrained solids, should be removed from the filter and a fresh charge 
of pulp admitted.’’ Waste cake is dewatered by vacuum filtration and 
incinerated. 

In operating a vacuum filter for sewage treatment, Taylor states that 
‘‘some particular sewages which are acid in nature may require ad- 
justment of pH value to prevent the formation of gelatinous films, which 
have a tendeney to reduce the porosity of the paper pulp, making it 


’ 


impossible to maintain a satisfactory rate of filtration.’’ For this reason 
a lime-feed machine has been installed in the filter plant at Rockville 
Centre. 

Other Processes —Other chemical-precipitation processes on which 
development work has been conducted recently include the following: *° 
the Lewis process, using ferrie chloride, lime, cement dust and ferrous 
sulphate; the Travers process, using ferrous sulphate, lime, marl and 
alum; the Diamond Alkali process, using chlorine, ferric chloride, and/ 
or lime; the Streander process, using ferrous sulphate, lime and air; the 
Miller-Koller process, using lime, copper sulphate, sodium carbonate, 
sodium aluminate and chlorine; and the Secott-Darcey process, using iron 
and chlorine. 


CONCLUSION 


Perhaps the most significant developments in sewage treatment dur- 


ing recent years have been the investigations into the feasibility of the 
mechanical dewatering and incineration of sludge, and the change in 
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status of the chemical precipitation of sewage from an outmoded process 
to a fruitful field of study. 

If full-scale operation of mechanical dewatering and incineration of 
sludge over a period of years proves the value of this method, the 
present well-established methods of sludge drying and disposal may be 
superseded. In fact, it is possible that sludge digestion may be elimi- 
nated by dewatering and burning undigested sludge. 

With regard to the many processes of chemical precipitation which 
have been mentioned, practically all are still in the experimental stave. 
Until sufficient time has elapsed for the accumulation of adequate data 
on the efficiency and operating cost of these new chemical-precipitation 
methods, based on the operation of full-scale plants, it will be hazardous 
to predict whether or not chemical precipitation will return to the favor 


in which it was held during the early days of sewage treatment. 
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OPERATION OF THE SEWAGE TREATMENT WORKS AT 
SCHENECTADY, N. Y., FOR THE YEAR 1933 


3y Morris M. CoHn 


Sanitary Engineer, Department of Public Works 


GENERAL 


A survey of the accomplishments of the past year, with regard to the 
sanitary disposal of the city’s sewage now tributary to the sewage 
pumping station and the sewage treatment works, indicates that the high 
standard of efficiency of the past eighteen years has been maintained 
and that gratifying advances have been made in operation economies. 

The sewage has been handled at the Ferry Street Station with highly 
satisfactory pumpage efficiencies. The treatment devices at the sewage 
works have accomplished highly satisfactory sedimentation of the sew- 
age solids and oxidation and stabilization of the effluent have reached new 
levels of efficiency. The methods and results of operation have con- 
tinued to merit the approval of the New York State Health Department. 

The objections which have been raised to sewage treatment in 
Schenectady became crystallized during the past year. The argument 
that Schenectady should discontinue treatment because other cities are 


now discharging raw sewage into the stream has led, naturally, to the 
suggestion that efforts be made to force other Mohawk Valley cities into 
a program of sewage treatment. The Mohawk Valley Towns Associa- 
tion has appointed a committee to investigate this sanitary matter, fol- 
lowing the suggestion by the Schenectady Bureau of Municipal Research. 
Such action is highly creditable and desirable. 


PROPOSED RECONSTRUCTION 


During the past year, all the engineering work has been accomplished 
in connection with the re-design of the existing works into a separate 
sludge-digestion plant of adequate size to handle all of the sewage of the 
city. This is gratifying to the writer in view of his constantly repeated 
recommendation that Schenectady should provide for the present and 
future sewage treatment needs. The policy of giving but sixty-odd per 
cent of the city’s sewage adequate treatment and permitting the balance 
of the flow to enter the Mohawk River untreated has long been a source 

Editor’s Note-——Mr. Cohn was awarded the Kenneth Allen Memorial Award for 
1933 by the New York State Sewage Works Association, for the best report on sew- 
age works operation in the State of New York. The 1932 report, for which the 
prize was awarded, was abstracted in THIS JOURNAL, 5, 736 (July, 1933). Mr. 
Cohn’s 1933 report is published here in full. 
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of dissatisfaction to those interested in stream sanitation and the safety 
of down-stream communities. 

The reconstruction plans have received the approval of the New 
York State Health Department and permit has been issued for the treat- 
ment and disposal of the final effluent in accordance with the proposed 
plans. Application for federal grant and loan to the amount of $170,000 
has been made to the Public Works Administration and it is hoped that 
speedy approval of the request will be received. It is estimated that 
work can commence within a month of the receipt of government ap- 
proval and that reconstruction will require six months. The proposed 
construction work has received the approval locally from the Common 
Council, the NRA-Public Works committee and the Schenectady Trades 
Assembly as a worth-while unemployment relief project. 

The plans call for the conversion of the existing hand-cleaned bar 
‘ack into an automatically operated mechanical unit. Six of the exist- 
ing Imhoff tanks are to be converted into mechanically-cleaned settling 
tanks. The flow line of the tanks will be materially lowered and trunk 
sewer surcharge, even at flows of 30 m.g.d., will no longer prevail. 
This expedient overcomes the necessity of expensive trunk sewer recon- 
struction or augmentation and makes the present conduit capable of 
handling all the sewage of the city. Velocities of flow in the trunk 
sewer will prevent a recurrence of the present dangerous condition, 
which permits deposition of solids. Interceptor surcharges will be pre- 
vented at the present points of dangerous overflow and the general 


operating conditions of the sewerage system and treatment works will 


be improved and made more economical. 

Two heated digesters 60 ft. in diameter will be constructed and the 
present half-battery of Imhoff tanks will be converted into sludge storage 
tanks. A new pumping station will be constructed for the purpose of 
delivering sludge to the digesters and for recirculation of sludge. The 
existing digested sludge pumping manhole will be reconstructed to suit 
it for the new task of pumping all sludge to the drying areas. 

The gas collected in the digesters and storage tanks will be used for 
the generation of power by use of a gas engine. An alternate proposal 
would produce steam in a high-pressure boiler located in a new power 
station. The steam would operate a turbo-generator set which would 
supply the plant with light and power with the use of only ‘a portion of 
the gas available and supply heat for the plant building. The balance 
of the gas will be stored in a gas holder. Production of 100 per cent of 
available power could supply other city needs. 

The existing battery of new sludge beds will remain and be augmented 
by an acre of sludge beds constructed on two units of the present trick- 
‘ling filters. No secondary treatment will be required. 





New 
‘eat- 
osed 
000 
that 
that 
ap- 
sed 
non 


ides 


bar 
‘ist- 
ing 
ink 
ail. 
on- 
of 
ink 
on, 
Te- 


ral 


Vol. 6, No. 2 SEWAGE WORKS AT SCHENECTADY, N. Y. 
Many other innovations are to be provided in the reconstruction. 
Alternative proposals call for the installation of a screenings incinerator 


and a small sludge vacuum filter. 


SEWAGE TREATMENT PLANT 
The continuation of the operation of the treatment units of the sew- 
ave treatment works resulted in the clarification and stabilization of the 
major portion of the city’s sewage flow. The difficulties of operation, 
as in the past, centered around the trunk sewer and the Imhoff tanks. 
Operation of the trickling filters, dosing tanks and sludge beds continued 


under normal conditions, 
Further reductions in operating costs were possible during the year 
and budgetary provisions for 1934 are below those made for the past 


year. 
If the coming year sees the cessation of Imhoff tank trickling filter 
operation in Schenectady, the works can close its eighteen years of 
service with a record of splendid accomplishment. The control of a 
difficult, overloaded works, the maintenance of conditions which have 
made the plant a good neighbor, the accumulation of much basic data 
which have served as the basis of new plant design and the maintenance 
of records upon which the operation of the works can receive sanitary 
and economic rating—all these accomplishments have given Schenectady 
a recognized place in the history of advancement in sewage disposal. 

The writer would be lax in his duties if he did not point out the 
value of technical control of a technical process. It may at times appear 
to be simpler, less trying and more economical to dispense with record- 
keeping, laboratory control, sanitary perfection, difficult research, and 
those other phases of works operation which lie close to the heart of the 
true sanitarian. The far-sighted program, however, always proves the 
ultimate economy of technical supervision. Schenectady’s past policies 
will pay dividends. The design of the proposed new works on the basis 
of data collected by the writer has saved the City of Schenectady many 
thousands of dollars because complete technical knowledge of sewage 
and flow characteristics, digestion variations, stream conditions and 
abilities and limitations of existing facilities, has made possible more 
intelligent solution of the problem. 

Sewage Flow.—The sewage delivered to the treatment units con- 
sisted of pumped flow from the sewage pumping station and gravity 
flow tributary to the trunk sewer. As in the past, the sanitary flow was 
sharply sensitive to ground and storm water conditions. Each storm 
or thaw resulted in inereases in flow which sureharged the overloaded 
trunk sewer. Sewage was spilled over an emergency overflow weir at 
the College Creek in order to protect the Front Street section from 
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flood damage. It was often necessary to pull planks from this overflo 
in order to lower the sewage in the Front Street interceptor. 

A total of 3,260 million gallons of sewage were delivered to the plani 
for treatment during the year. The average daily flow was thus 8.93 
million gallons, the highest flow ever experienced by the units. (Table 
I.) The maximum monthly average flow was 9.3 m.g.d. experienced in 


TABLE I.—Sewage Treatment Works, Schenectady, N. Y. Operation Data, 1933 





Sewage Flow | l'emperature-Fahrenheit | Precipitation 





Month | aia | ] | 
|Pumped| Treated| Crude | Tank | Filter i Rain 


|M.G.D.|M.G.D. | Sewage | Effluent} Effluent} or Snow 
pnd ay ete 


Inches 


1.20 
1.56 
1.83 
4.8] 
4.85 


| | 


Dec. ’32.....| 5.9 9.0 52.2 | 51.9 | 49.0 | 30.2 .&S. 
Jan733...:.:| 68 88 | 50.4 | 50.0 | 47.6 | 33.4 .&S. 
Feb. '33 | 5.7 8.9 | 493 | 486 | 45.8 27.1 .&8. | 
Mar.’33.....| 5.5 91 | 46.7 | 465 | 44.5 31.3 | R.&S. | 
Apr733.....| 6.5 9.0 483 | 48:5 | 48.7 | 482 | R.&8. 
May’33... 5.4 88 | 533 | 621 | 56.1 61.1 | R 2.80 
June ’33.....| 5.6 92 | 586 | 593 | 616 | 71.1 R 2.15 


| 
| 
| 
July’33.....| 5. 8.3 | 62.5 | 631 | 650 | 75.2 | R | 0.96 
| 
| 
| 


| 
| : 
| 


Aup.23.....| 5.8 9.3 62.8 | 63.5 | 64.9 39. R 6.31 
Sept. ’33..... : 9.0 | 60.5 |. 61.1 61.9 : R 6.10 
Get. "33... .. 53 | 8.6 58.9 | 58.6 | 57.5 5.6 R 1.93 
Novices. :..... r 9.0 55.8 | 54.6 51.3 | ‘ [es.|- 446 


Average... uf 3. § 54.9 | 548 | 545 | 49. .&S. | 35.66 





August during a period of excessive precipitation. The minimum 
monthly average flow was 8.5 m.g.d. experienced in July, a month of 
subnormal precipitation, thus indicating the effect of rainfall on sewage 
flows. 

The effect of the spill weir in ironing out flow fluctuations can be 
readily seen from the fact that the range of flow from monthly maximum 
to monthly minimum was only 0.8 m.g.d. The daily maximum for the 
year was 10.5 m.g.d. and the minimum experienced during normal 
operation of the station pumps was 6.8 m.g.d. 

The sewage maintained its usual uniformity of character. In gen- 
eral, the sewage for the year 1933 was stronger than in the previous 
year. Industrial waste was absent but much troublesome oil and _pe- 
troleum waste was present. The sewage contained appreciable amounts 
of dissolved oxygen during the day hours but a tendency toward septic 
condition was experienced during the early morning periods. 





um 
SOL 


age 


be 
um 
the 
mal 


‘en- 
ous 
pe- 
nts 
tic 


Vol. 6, No. 2 SEWAGE WORKS AT SCHENECTADY, N. Y. 279 
A survey of the trunk sewer, carried out in conjunction with flow 
studies made in the conduit, indicated that deposition of solids in the 
invert was progressing. It was found that this clogging action was re- 
moved to some extent by the more rapid flows resulting from heavy rains 
and the consequent increased head on the trunk. 

Stationary Bar Rack.—All sewage entering the plant passed through 
the hand cleaned bar rack having 114-inch clear openings. A total of 
173.5 eubie yards of trash were removed from the bar rack during the 
twelve-month period. (Table II.) All trash was disposed of by plow- 
ing under the soil. It was found possible to continue the plowing 
operation during the winter months, because of periodic thaws. No 
storing of screenings at the dump trestle was necessary, this being the 
first year that such procedure was found possible. A reduction in rat 
breeding naturally resulted. 

No odors emanated from the screenings piles awaiting covering. It 
was found possible to re-use the plowing ground used three years ago 
because of the rapid conversion of these solids into humus. 

Imhoff Tanks.—Operation of the Imhoff tanks continued in the same 
manner found necessary in the past years. The shallowness of the tanks 
and the high solids load delivered by the excessive amount of sewage 
flow of high strength resulted, again, in the rapid accumulation of un- 
digested solids in the sludge and scum compartments. In spite of these 
conditions, it was found possible to hold solids deposition in the sedi- 
mentation compartments to minimum amounts. 

Because of the warmth of the winter of 1932-33, more active digestion 
took place. Some foaming was actually experienced during January 
and February, 1933. Scum hosing was carried out as an experiment in 
January and 350 eubie yards of partially digested sludge was drawn 
to one sludge bed and to the lagoon. A program of slot chaining and 
curtain wall squeegeeing was carried out. 

With the advent of spring, the active hosing of the gas vents was 
started and the removal of sludge from the tanks began in May. From 
then until November, sludge drawing was as rapid as sludge drying 
permitted. In addition to the January experiment, a total of 11,976 
cubic yards of wet sludge were removed from the tanks during the 
regular season. Of this amount 11,276 cubie yards went to the drying 
beds and 700 eubie yards were lagooned. While the total sludge re- 
moval was somewhat lower than in 1932, the amount dried on the beds 
was slightly greater. 

Sludge drawing reached a maximum in July when 2372 eubie yards 
were pumped to the beds. The wet weather of August, September and 
October delayed sludge drying and reduced the rate of solids removal 


from the tanks. 
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The Imhoff tanks continued to perform their sedimentation functions 
with highly satisfactory efficiencies, despite the solids overload and the 
upsetting action of intensive water flushing of the gas vent accumula- 
tions. The over-all yearly removal of 73.1 per cent of the suspended 
solids and 89.7 per cent of the settleable solids in the crude sewage is an 
accomplishment which would be ereditable in settling units which are 
free from the recognized clarification difficulties of the Schenectady 
units. 

The tanks reached their maximum efficiency of removal of suspended 
solids in December when the tanks were free from solids load and 78.2 
per cent of such solid matter was removed by clarification. The mini- 
mum. efficiency was experienced in June during the heavy scum hosing 
period. It is worthy of note that the minimum removal of suspended 
solids was 65.5 per cent and that ten months show removals over 70 per 
cent. 

The removal of settleable solids, the true index of tank efficiency, was 
high during the whole year. Maximum removal of 97.5 per cent was 
obtained in January. The minimum was 84.5 per cent in August. Five 


months show removals over 90 per cent. 

The operation of the Imhoff tanks with such high efficiencies was the 
result of the extreme care with which the units were handled. Winter 
operations involved the prevention of belching of solids to the tank sur- 


faces and their exit with the effluent. Incipient foaming was prevented 
in the summer season by sludge removal and scum hosing. Auxiliary 
screens were constantly in use at the effluent weirs and never removed 
during seasons of heavy clogging unless backed up by a secondary screen. 
Flow reversals were planned to take advantage of the action of the wind 
in keeping solids swept to the influent end of the tanks. 

The study of sludge compartment temperatures, after being carried 
out for several years, was discontinued. The observations have resulted 
in interesting and valuable data. Sludge temperatures have remained 
in the 50° F. range during the winter and early spring and have then 
risen gradually to the low 70’s in the late summer. The temperature 
ranges have explained the reason for cessation of digestion in the winter 
and the reason for the rapid digestion of the heavy mass of sludge as 
the temperature rose. Controlled digestion will rectify the conditions 
so clearly explained by the sludge temperature records. 

Sludge Drying.—All sludge left on the drying beds in the fall of 
1932 was removed by farmers at the usual price. The saving in labor 
and team hire amounted to over $250. It was possible to utilize this 
labor in emptying the tanks and clearing the beds for the much-needed 
early spring solids removals from the overloaded hoppers. The sludge 
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was removed, in major extent, in the frozen state and the farmers were 
later pleased to take the bed-rakings. 

During the summer months, a total of 11,276 cubie yards of sati 
factorily digested sludge were pumped to the beds. Beds were dosed 96 
times, giving 9.6 fillings per unit, despite the wet weather. Depth of 
application varied with the consistency of the sludge, the expected dry- 
ing weather and the estimated speed of the cleaning crew. The major 
amount of sludge was applied to the beds to a depth of 10 inches and 
dried to a cake of over 3 inches in thickness. 

A total of 3085 eubie yards of air-dried sludge were removed from 
the beds, directly into farmers’ trucks or into the city wagon, for hauling 
to the storage piles. In addition 200 cubic yards of wet sludge are still 
on the beds awaiting removal during the usual winter sales period. The 
sludge removed from the beds during August, September and October 


was particularly wet as a result of the rainy season. The sludge stored 


in the field shrank in volume as the moisture content was reduced by 
drainage and evaporation. The dump wagon often emptied over the 
same row as many as four times. 

The sludge drawn to the beds contained an average of 94.64 per cent 
moisture, 65.19 per cent organic matter. The average gravity was 1.006 
and the pH 6.8. Vigorous hosing often resulted in the removal of 
grease curd and other evidences of floating seum with the sludge. 

Sludge sale was again active with all stored sludge gone by early fall. 
The continued demand for sludge by the same customers and _ their 
neighbors is encouraging evidence of the effectiveness of the material as a 
fertilizer. 

Trickling Filters —The trickling filters experienced the best period of 
nitrification efficiency in many years. The final effluent entering the 
river was highly stabilized during the major portion of the twelve 
months and the suspended solids were unusually low. 

As a result of the filtration of all tank effluent, the final effluent con- 
tained a yearly average of over 7 p.p.m. of oxidized nitrogen. The 
average 5-day B.O.D. of the effluent was 19 p.p.m., equivalent to a re- 
duction of 76.9 per cent through the filters and a reduction of 84.0 per 
cent through the complete plant. 

Suspended solids averaged 31 p.p.m. for the entire year, a reduction 
of 32.7 per cent through the filters. In spite of this reduction of sus- 
pended solids and the absence of unloading, no bed clogging was noted 
and no surface pooling was evident during the entire period. The 
amount of humus-like solids in the effluent remained unusually constant 
but was always visible in appreciable amounts. No secondary sedi- 
mentation is provided at Schenectady. 
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‘he methylene blue stabilities of the effluents from the three galleries 
reached new maximum values. The average stability was 94.6 per cent, 
the highest ever recorded in Schenectady. The lowest stabilities came in 
May as in 1932. In both instances, the low efficiences were due to fre- 
quent back-flooding of the filters by river fluctuations. During July, 
August, September, October and November the stabilities of all samples 
tested were over 14 days. During five other months, the stabilities were 
over 90 per cent. 

Psychoda were kept under control by means of periodic flooding and 
the auxiliary flaming of flies on the gallery walls. During the summer 
season, the beds were flooded weekly. In spite of this consistent program 
of submergence, the beds did not suffer decreases in nitrification effi- 
ciency. Even the day after flooding, stabilities were maintained at 100 
per cent. 

The beds were free from pooling at all times. Nozzle clogging 
amounted to 106 per day for the entire year, or 12 per million gallons 
of sewage filtered. The low nozzle clogging resulted from the care de- 
voted to tank operation, balancing to some extent the higher cost of this 


latter service. 

Surface gelatine was removed once during the summer by resting 
the beds. Nozzles were washed twice during the winter months to im- 
prove distribution and reduce clogging. Ice formation on the beds was 


markedly reduced after the nozzles were cleared of gelatinous films. 
[ce formation reached a maximum of 20 per cent of the bed space during 
the coldest weather. 

Emergency Pumping Station.—It was again necessary to operate the 
emergency pumping station for the purpose of evacuating the effluent 
from the filters during the freshet periods in the river. 

An important repair was carried out on the main outfall gate at the 
station which necessitated the operation of the pumps to lower the 
sewage level in the outfall line during the summer. 

Laboratory.—The services rendered by the laboratory to the Publie 
Works Department have been limited to material testing and construe- 
tion control. In addition, the laboratory carried out its original fune- 
tion of process control of the treatment units. No studies of special 
sewage problems were possible. The following tabulation gives the 
average constituents in the raw sewage, tank effluent and final effluent for 
the year 1933: 
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Crude Sewage | Tank Effluent | Final Efflue: 
| 


Constituent 3 
Parts Per Million 


Free Ammonia. . ; 2.¢ 15.2 5.9 
Albuminoid Ammonia—Total 3.95 2.69 
Albuminoid Ammonia—Susp. 1.75 
Witrites........ ao, - 0.677 
Nitrates... 6.702 
Chlorides A 34.' 32.3 
Total Solids 383 
Suspended Solids 2 j 31 
Settling Solids 

Dissolved Oxygen—%% Saturation 8. 37.1 
Biochemical Oxygen Demand. . ¢ y 19 
pl... , : 


Odor Control.—Odor control is practised in Schenectady as a matter 
of necessity. The proximity of residences and commercial establishi- 
ments, the prevalence of winds in the direction of these structures, the 
tendency of sewage to be septic from its slow velocity in a trunk line 
subject to solids deposition and decomposition, and the inherent tendency 
of the Imhoff tanks to be overloaded demand the utmost care of opera- 
tion. 

Many odors are prevented by serupulous care and cleanliness of 
operation. The details of unit-handling explain these control measures. 

In addition to the routine regulation of operation conditions, it was 
again found necessary to pre-chlorinate the crude sewage entering the 
tanks to neutralize the hydrogen sulphide odors. Chlorination was 
again maintained at rates of from 4 to 6 p.p.m. during such hours as 
odors might have been produced and carried to the nearby residences. 

Cost of Operation.—It was again found possible to reduce the cost 
of operation of the treatment works and pumping station, despite the 
increased flow and the greater streneth of the sewage. The 1933 net 
cost of operation of the Bureau of Sewage Disposal was lower than 
reported for the past fifteen years. 

The budgetary charges for operation of the bureau during 1933 were 
$34,550 deducting the surplus which remained at the end of the year. 
Out-of-bureau services are conservatively estimated at $3,250 and salary 
and wage rebates amounted to $2,500. This leaves a net operating cost, 
chargeable to sewage treatment, of $28,800. 

Of this total amount expended, $20,300 has been spent for sewage 
treatment and $8,500 for sewage pumping. 
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$6.22 per million gals. treated 


Cost of sewage treatment 
» 61 se ce sé oe 


Cost of sewage pumping 
otal cost 
lhis represents a reduction of 20.0 per cent from the cost of treat- 


ment and pumping in 1932, a reduction of 16.8 per cent in the cost of 


treatment and 27.1 per cent in the cost of pumping. 
(he actual itemized cost of treatment, including each major phase 


if operation, is given in the following tabulation : 


m.g. treated 
; +s ‘ 66 
Supervision, Laboratory and Control we 


Light, Power and Heat 
Rep Irs 

Supplies 

Replacement and Purchase 
Taxes 

Miscellaneous 


otal r ng. treated 


$1.28 per m.g. treated 


oe ce 


Imhoff 

Trickling Filter 
Control oe 
Bar Rack and Screenings ee 
Sludge Drying Beds . 
Night Attendance and Cleaning 

Maintenance and Repairs 


Total ‘mg. treated 


The entire subject of cost accounting is one which has troubled the 
sanitary engineering profession. It is difficult to compare one works 
with another unless consideration is given to the type of treatment, the 
efficiency of operation, local conditions such as labor costs and power 
costs, and other pertinent cost items. 

The Schenectady works, for example, has an unusual tax cost of over 
$2,900 yearly or a charge of $0.78 per million gallons which cannot be 
lowered no matter how economically the treatment process is carried out. 
Other unusual charges are $628 for outside lights and the portion of 
salary appropriations which should be charged to other budgets. 

Maintenance and Repairs.—A consistent program of maintenance 
and repairs has kept the treatment units, structures, grounds and various 
equipment in workable and pleasing condition. 

Imhoff tank gas vents were repaired sufficiently to carry them along 
until the time when they will be scrapped. Gas vents have been painted, 
piping and valves painted and bridges and stairs kept in condition. 
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Sludge beds were sanded and repairs made to the bed partitions a: 
track systems. The sludge pump was overhauled. Trickling fil 
nozzles were replaced and piping and gallery enclosures painted. Gal! 
stairs were repaired. Flow counters were repaired at intervals. 

Building interiors were painted and trim decorated. Several chan 
were made in the laboratory and sample storage compartment. ‘| 
main outfall gate was repaired. 

The grounds were maintained in their usual pleasing condition, 
gardening being carried out by the night operating men. All equi; 
ment was maintained in satisfactory operating condition. 

Recommendations.—It is particularly gratifying to point out. thiat 
the oft-repeated recommendation, as to the need for completing our 
sewage treatment policies, is now in line for action. It is hoped that a 
speedy approval of our application by the P.W.A. will give Schenectady 
a public works project of lasting value. 

It is recommended that the sludge available in the tanks when sucl 
construction is carried out be pumped into tank trucks and hauled to 
the city’s new golf course to be used as a fertilizer. This will save much 
money, will act as a splendid grass food on the sandy land and will re- 
move this troublesome mass of solids from the tanks. 

The possibility of reconstruction of our treatment works makes it 
necessary for the writer to repeat his recommendation that efforts be 
made to remove the excessive storm water inflow into our trunk sewer. 
This having been done, steps can be taken to intercept all portions of our 
sanitary sewage. 

It is recommended that the underground survey made by the Bureau 
of Engineering be reviewed in order to determine if sufficient data are 
available upon which to base a study of the ultimate sanitary sewage 
interception needs of the city. With the new plant completed, it will be 
necessary for the city to make plans to pick up all the sanitary flow and 
deliver it to the works for treatment. 

It has been estimated by the writer and the sewer division of the City 
ingineer’s office that 60 per cent of the city’s total sewage now enters 
the plant. An additional 30 per cent can be intercepted for some $5,000, 
the next 5 per cent will cost some $25,000 and the balance must be picked 


up gradually as certain congested sections of the city are improved. The 


possibility of the solution of the city’s downtown storm water problems 
in connection with the sanitary sewerage problem has been considered 
and should be made the subject of a specific study. 


SEWAGE PUMPING STATION 
Operation.—The sewage pumping station has continued in operation 
during the twelve-month period except for short periods of shut-down 
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necessitated by flood conditions in the river. Operation efficiencies have 
been greater than ever recorded here, primarily because of more efficient 

operation of the units and the decreased unit power rates. 
‘he station was shut down for 16 hours from Mareh 15th to 16th, 
and for 57 hours from April 18th to 20th during the crest of the flood. 
was found necessary, on a few occasions of excessive rain storms, 


to crack the by-pass on the 36-inch interceptor entering the station in 
order to prevent back-flooding of the General Electrie Company lines. 
The definite entrance of storm water into the station pits was again dis- 
closed by the presence of leaves Guring the fall season. 


J 


Pumped Flow.—A total of 2,024.5 million gallons of sewage were 
pumped by the low-lift pumps at the station. The average daily 
pumpage amounted to 5.55 m.g. The maximum daily pumpage for 1933 
was 6.9 m.g. on April 6th and the lowest normal pumpage amounted to 
$2 med. on July 2nd. Daily average pumpages varied from maxi- 
mums of 5.9 m.g.d. in December 1932 and November 1933 to a minimum 
of 5.1 m.g.d. in July. It is interesting to note that the variation of 
0.8 m.g.d. in monthly average pumpages is the same as the variation in 
treated flow at the plant. 

The station continued to operate under manual control from 8 a.m. to 
midnight and to run automatically during the night hours, this being 
made possible by the uniformity and low rate of night flows. 

lt would be possible to make the station entirely automatic if the 
erratic entrance of storm water were eliminated from the sanitary sewer 
system. The present fluctuations of flow impose hydraulic conditions 
upon the station and the network of tributary interceptors which do not 
lend themselves to automatic operation without the use of emergency by- 
passes leading to the river. Such procedure would interfere with ice- 
cutting in the river at the present time and would not receive State 
approval. The economies possible with automatic operation is another 
argument for separation of sanitary and storm sewage as has been so 
often recommended. 

Protective Bar Rack.—The protective bar racks in front of the large 
and small wet wells captured a total of 1,162 cubic feet of trash as meas- 
ured in the storage cans in a compacted condition. This trash was 
again hauled to the treatment works and disposed of by plowing under 
the soil. It was found possible by adjusting the opening of the large 
pit inlet gates to drive much paper pulp through the racks into the 
pump suetions. 

Two of the large well pumps have now been converted into non- 
clogging units by the installation of new impellers and new suction dises. 
These pumps have performed splendidly and have resulted in almost 


complete absence of clogging. 
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Cost of Pumpage.—It is gratifying that the cost of power for ihe 
operation of the pumps has been greatly reduced. The cost of lifting 
sewage per million gallons per foot of head, the true measure of pumping 
efficiency, has been lowered from a 1932 cost of $0.1078 to a 1933 cost of 
$0.0750 or a reduction of 30.4 per cent. This has been possible becatise 
of greatly reduced power rates and more efficient operation of the units. 

Maintenance and Repairs.—The station was maintained in workable 
and neat appearance by the consistent maintenance efforts of the staff, 
Pumps have been kept in constant adjustment, bearings overhauled, 
motors adjusted and cleaned and all piping and valves kept in satis- 
factory condition. 

The building and grounds have continued to show the results of the 
splendid care given them. The superstructure was painted and the roof 
repaired and painted. Much interior painting and decorating was car- 
ried out by the staff. 

Recommendations.—It is recommended that the question of station 
conversion into an automatic installation be given further study in con- 
nection with the recommended study of sewage flow conditions in the 
sanitary lines. It has been pointed out that the sewage pumping station 
might serve as the center of pumping of both sanitary sewage and the 
storm water which now backs up in the downtown sections during high 
river levels. A study should be made to ascertain the feasibility of 
solving the joint problem. 

It is highly possible that the existing station will not be adequate to 
handle the increases in sewage flow which will result from the sewering 
of all of Woodlawn and the entrance of other sections into the pumped- 
sewage interceptors. A complete study will be necessary to determine 
the best engineering practice for Schenectady to follow on its drainage 
and sewerage pumpage expenditures. 

Difficulties were again experienced at the station pits with large 
quantities of oils. The congested confines of the Station make this 
material objectionable from a fire, asphyxiation and explosion sense. 
Greater cooperation between the Bureau of Sewage Disposal and _ the 
Bureau of Sewers ean result in the tracing of this objectionable material 
to the points of entrance. The Bureau of Sewers has reported several 
instances of near-asphyxiation of its sewer men. The problem is serious 
enough to warrant study by a trained investigator. 
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A SYMPOSIUM ON THE ORGANIZATION, CON-— 
STRUCTION AND OPERATION OF THE WEST-— 
CHESTER COUNTY SANITARY SEWER 
COMMISSION PROJECTS 


By W. W. YounG, CONSULTING ENGINEER OF THE COMMISSION, AND HIS ASSOCIATES * 


INTERURBAN SANITATION—PROMOTION, LEGISLATION, 
FINANCING AND ORGANIZATION 


By W. W. Youna 
Consulting Engineer 


Interurban sanitation largely concerns itself with sewerage, water 
supply and waste disposal. The former is most affected by topography, 
the latter least, but the reverse is more nearly true as to project radius. 
The radius of water supply projects is often over a hundred miles, that 
of sewers about a third of this, and of garbage scarce one third of that 
of sewage, though increasing with vehicular speed. 

lnterurban waste disposal is still so limited as searcely to justify 
much discussion. When only two communities are concerned, and both 
the waste dump and incinerator can be suitably located on their common 
border, an arrangement by agreement may be satisfactory, until mis- 
understandings as to management or bookkeeping arise. However, to 
prevent such misunderstandings, especially when the waste of any com- 
munity has to be conveyed through another, it is often best done by 
means of an act enabling it to be accomplished through the counties or 
states or an agency, and imposing any necessary requirements assuring 
some unobjectionable form of collecting, transporting and disposing of 
Waste. 

Interurban water supply, with its dams and lakes and always wel- 
come water, is on the other hand popular at both its collecting and dis- 
tributing end. 

Interurban sewerage is likely to be very popular where it starts but 
is almost sure to be intensely unpopular wherever it pauses or stops. 
Unless those conceiving the project are able to contrive some solace for 
those on the receiving end, the project is apt to be enjoined ! 

It is said ‘‘Man arrives a novice on every stage of life.’’ Seldom is 
this more true than when a group of communities approach, in varying 
degrees, a time when some form of sanitation becomes inevitable and 
cooperation seems to open possibilities of economy. Self interest or 

Presented at the Fall Meeting of the New York State Sewage Works Associa- 
tion, White Plains, October 27-28, 1933. 
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impartial government agencies may then arouse some one of them { 
realization of conditions. Promotion and education may then be «e- 
ceptable. The economic loss by individual action and the advantages of 
organization for joint relief measures may then be pointed out to all 
The promoter will then find he has to bring statistics, examples and 
estimates of cost to the attention of the leading men of the communities 
and with them approach leaders of the central government in which the 
communities are located. Legislative examples are frequent as in New 
Hngland, New York, New Jersey and Illinois. When it can be shown t 


be a good investment, an enabling act can be drawn and introduced with 
the aid of the local member of legislature. 

The history of any people can best be read in the lives of its great 
men. The history of how some of the sewerage problems of Westchester 
County were solved by its leading men may serve as an example of 
public spirit and cooperation. 

The population of Westchester County, though small as compared to 
New York City, is greater than that of the District of Columbia or nine 
of the States and over twice as much as Wyoming and Nevada combined. 
Its property values exceed all other counties of the State outside of New 
York City, not excepting Erie County, being greater than the combined 
wealth of 40 upstate counties. 

Sewage disposal by dilution was, as elsewhere nearby, largely taken 
advantage of, so that, in the early nineties, the entire interior of the 
county found itself hemmed by a shore front inhabited by the majority 
of the population of the county, which had solved, to its own satisfaction, 
the local sewage problems. These shore residents were naturally of the 
opinion that, however suitable their shore fronts and waters might be 
for taking care of their own sewage, the ‘dumping upon them’ of sewage 
from the larger interior areas was an unbearable outrage. 

The ablest agencies of a strong, resolute and far-sighted county 
eovernment were needed to overcome the inertia of such a situation and 
secure, to the relatively thinly populated interior districts, those op- 
portunities for development and shore rights which are inherently 
theirs; though far from obviously so, in the opinion of the communities 
lying at the lower end of their lines of natural drainage. 

The interior of the county, meanwhile, had of course been obliged 
to relieve the situation temporarily and a number of local disposal works, 
with discharges into the relatively small interior streams, were built. 
Small treatment plants under such conditions require liberal appro- 
priations and exceptionally skilled and continuous management, seldom 
found in rapidly changing local governments. In consequence of this 


undermanagement, or because of undereapacity or of added sources of 
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pollution, the conditions of many interior streams became a menace, in a 
land otherwise called the ideal ‘‘ Lesser Adirondacks. ’’ 

he first effect of this condition was naturally felt along the most 
direct railroad routes, namely the Harlem road in the Bronx Valley. 
Here the City of New York constructed the great Kensico Dam just 
above White Plains, which took practically all the water out of the 
Bronx River, formerly used largely for sewage disposal purposes. With 
the diminution of the diluting water and the rapid increase of the popu- 
lation, this stream became an open sewer. The county representative 
in the Legislature introduced a bill to appoint a commission, with an 
appropriation to be paid out of county funds, to investigate conditions 
and report a remedy. It conferred with local engineers of the mu- 
nicipalities and secured as consulting engineer J. J. R. Croes of New 
York, with whom John Fairchild of Mount Vernon worked during the 
actual field reconnaissance. 

The design as proposed was for the trunk sewer to extend through 
the Bronx Valley to the New York City line, and then go eastward about 
five miles to a point in Long Island Sound. <A bill was passed in 1896 
authorizing the creation of the sanitary district benefited by this sewer, 
and the use of the credit and moneys of the county for the construction 
of this sewer, until such time as its total cost was known and could be 
repaid to the county by taxes levied on the district. However, before 
becoming law, the act required the signatures of the Village President 
of White Plains, the Mayor of Mount Vernon, the Mayor of Yonkers and 
the Mayor of New York City; the latter because a small portion of the 
lower end of the sewer and the point of discharge itself was in New 
York City. The Westchester officials signed the document, but the then 
Mayor of New York, due, it is said, to weighty protest from various in- 
fluential citizens owning land and living in the vicinity of the proposed 
point of discharge, refused to sign this bill and the legislation died. 

The villages along the Bronx River below the dam accordingly im- 
proved the existing sewage treatment plants as far as practicable. In 
spite of the use of chemicals and care in operation the effluents soon 
created a nuisance, in summer, along the stream, already largely de- 
prived of its natural flow for water supply use in New York City. The 
State Health Department was obliged to serve notice on one or more of 
the municipalities when the general conditions became intolerable and 
created an obvious publie nuisanee. 

A preliminary bill in 1904 authorized the appointment of the three 
municipalities in the County principally concerned and appropriated 
$5,000 for making a survey of the outline for a sanitary district and an 
estimate for a sewer to provide the necessary sanitation facilities. Sinee 
the last legislation had been killed by including in it one municipality 
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whose necessity did not appear so great as the others, the new bill int +ro- 
duced in the legislature in 1905 not only excluded the municipality which 
did not sign the previous bill, but furthermore, the terms of the bill 
confined the sewer entirely within the limits of the one county, althouzh 
this required a tunnel at great cost, three miles long, turning west instead 
of east near the New York City line and extending from the Bronx 
Valley into the Hudson Valley. 

This was known as the Bronx Valley Sewer Act, Chapter 646 of the 
Laws of 1905. It authorized the establishment of an assessment district 
embracing parts of two cities and four towns, and authorized the county 
to pay for the sewer, it to be reimbursed later by bonds issued by the 
district when the total cost was known; the interest and final payment 
of the bonds to be borne by the district which in turn was to assess this 
upon each municipality, in proportion to the equalized valuation of the 
municipality lying within the district benefited. 

This sewer was built and the assessments satisfactorily made in the 
manner described. The tax rate rapidly decreased in about ten years 
from about three dollars to about thirty cents per thousand dollars of 
assessed valuation. 

Twenty years later, with its increasing growth, the county found 
itself again confronted with similar conditions ; sewage from the interior 
of the county was creating nuisances, but this time instead of in one 
locality or valley, in several. This condition embarrassed recreational 
facilities, retarded growth, fostered nuisanees, and caused the State 
Health Department to summon one or more of the municipalities in legal 
proceedings, instituted by the Attorney General. In addition, the 
County found itself impeding construction of sewers by construction of 
parkways through the valleys where sewers must of necessity be con- 
structed. To relieve this situation, in lieu of creatine a new commission, 
an act of legislation was passed clothing the existing Park Commission 
with investigatory powers similar to those of the preliminary Bronx 
Valley Sewer Commission of 1904. 

This Commission, however, instead of reporting a bill for legislation 
for creating one or more single sewer districts by the state, reported in 
favor of an enabling act by which the county could be clothed with 
powers from the state to create its own sewer districts. This bill be- 
came Chapter 603 of the Laws of 1926. Under this law a commission 
of three men was appointed by the County Board of Supervisors to 
report to the supervisors the districts which in their judgment should be 
created, and the appropriation necessary to provide them with trunk 
sewers and sewage treatment plants. Amendments of this law author- 
ized the purchase, when necessary, of existing local trunk sewer facilities 
and the operation of sewers and treatment plants. 
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Under this act the present Westchester County Sanitary Sewer Com- 
mission has provided and operates sanitary works for the Blind Brook, 
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Boundaries of seventeen projects of the Westchester County Sanitary Sewer 
Commission. 


Mamaroneck, Hutchinson, South Yonkers, Central Yonkers, North 
Yonkers, Sawmill, and the Upper Bronx Valley Projects. 


The self-contained plants, the construction of which is described by 


Mr. VanDenburg, remove and burn all silt and sizeable solids and 
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sterilize the effluent. One of these plants is located between two sch 
and within one hundred feet of a hospital, and another across the strcet 
from a church, bank and apartment house, hence eternal vigilance is 
essential. 

The Westchester County system, with its nine trunk systems em- 
bracing nearly 100 miles of sewers and four plants costing over twenty- 
four million dollars, is one of the largest systems of its kind ever con- 
ceived at one time. Mr. Zeigler will discuss the construction work. 

Although the Bronx Valley Project Trunk Sewer, some fifteen miles 
long, started with a diameter of forty inches and terminated between 
eight and ten feet, its leakage was less than an inch and a quarter flow at 
the outlet. Mr. Hallock will discuss the methods by which water tight- 
ness was secured. 

Mr. Laverty will describe briefly the organization of the county sani- 


tary districts and the acquisition of easements. 


COUNTY SANITARY DISTRICT DETERMINATION AND 
SEWER EASEMENT ACQUISITION 


By F. J. LAVERTY 
Project Engineer 


Two phases of the extensive sewerage program in Westchester County 
will be discussed ; first, the determination of county sanitary districts 
and, second, the acquisition of sewer easements. 

The population of the County of Westchester was growing rapidly 
in 1925. The interior and shore lines were developing and have con- 
tinued to develop into very desirable suburban residential sections. A 
few relatively small areas in the southern part of the county, where the 
bulk of the population was concentrated, were more or less adequately 
sewered. The larger part of the county was practically without sewers. 
There existed a great need for a comprehensive plan for sewerage de- 
velopment on a county-wide basis. 

The foresighted leaders of this county, bearing in mind the success 
of local sewerage districts such as the Sanitary District of Chicago, the 
Passaic Valley Sewerage District and the Metropolitan District in and 
near Boston, asked for and received from the New York State Legislature 
the passage of the Westchester County Sewer Act. 

In this act, Chapter 603 of the Laws of 1926 of the State of New 
York, the power of fixing the area or district to be benefited by the pro- 
posed sewerage construction was delegated to the board of supervisors 


of Westchester County. The act, however, directed the sanitary com- 
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mission appointed by the supervisors to make studies, prepare pre- 
liminary plans and maps to show the areas which, in the judgement of 
the commission, would be served by the sewer district. 

Preliminary studies of the proposed county sanitary districts were 
then made by the commission’s engineers who used available government 
topographical maps, upon which the preliminary drainage areas were 
sketched, and which were used as a basis for reconnaissance and survey 
lines in the field. 

‘he Bronx Valley Sewer District was established over twenty-five 
years ago. Six of the eight new districts are adjacent to the Bronx Val- 
ley and thereby had portions of their boundaries determined. The limits 
of the Bronx Valley Project were well monumented, and it was possible 
to send survey parties into the field, and with this boundary as a basis, 
to trace out on the ground the natural drainage limits of the other 
projects, and the municipal boundaries which affected the district limits. 
It was then possible to prepare from these surveys individual maps of 
the sanitary districts on a seale of 400 feet to the inch. 

When these studies and maps were completed the commission held 
public hearings on each proposed project. On the basis of these hear- 
ings, necessary revisions were made. The plans showing the district and 
the proposed sewer lines, together with a report, were submitted to the 
Board of Supervisors by the commission with a request for the establish- 
ment of the district and an appropriation for construction. The board 
then held another public hearing, established the district and made the 
necessary appropriations for furthering the work. 

At present there are nine sanitary districts in Westchester County. 
These are: the Bronx Valley, Hutchinson, Mamaroneck, Blind Brook, 
Upper Bronx, Sawmill, North Yonkers, Central Yonkers, and South 
Yonkers. These established districts serve about 66 per cent of the total 
population in the county, about 30 per cent of the area and about 65 per 
cent of the valuation. 

The boundary lines of these nine districts have been drawn on a scale 
of 100 feet to the inch. These maps show in detail border lots which are 
wholly or in part ineluded in the Sanitary District, and, of course, show 
the relation of municipal limits to the established sewer project. They 
also serve the purpose of a basis for assessment for local authorities when 
individual lots are partially in one district and partially in another, as 
these areas are bounded by detailed dimensions. 

The determination of the sanitary districts, however, met with some 
difficulties. The original preliminary studies indicated that the present 
Mamaroneck and Blind Brook Projects should be combined. However, 
the Village of Rye, which comprised approximately 92 per cent of the 
Blind Brook area, preferred separate projects. Hence, the present di- 
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vision. The Mamaroneck Project also varied from natural limits, duc to 
the inclusion within the project of the Mamaroneck Town Sewer District 
No. 1, which had been established for some time and ineluded some 
pumped area. 

In the lower part of the Sawmill Valley in Yonkers, a local trunk 
sewer had been constructed and the cost assessed against the local prop- 
erty benefited. The proposed county sewer was intended to supersede 
this sewer. The county reimbursed the local district for the cost of the 
sewer, and included this local area in the county district, thus over- 
coming any possible difficulties of duplicate assessments. 

There are other minor variations from natural drainage limits; for 
example, the exclusion of remote and sparsely populated sections from 
their natural district and the exclusion of small marginal areas which 
had been provided locally with sewerage facilities in advance of the 
establishment of the county districts. 

The inclusion or exclusion of certain areas may profoundly affect 
flow quantities for pipe and plant design with resultant overloading at 
a future date. Costs are borne by Assessment Districts and expense is 
never to be regarded lightly. The determination of County Sanitary 
Districts is, therefore, a problem of varied interests and one that requires 
the careful consideration of a competent engineer. 

The lapse of time between the consummation of the two phases of this 
discussion, the determination of County Sanitary Districts and the ae- 
quisition of easements, is frequently a matter of many months. How- 
ever, if the work is to progress favorably and construction is in view, 
easements for temporary and permanent purposes must be acquired from 
local property owners. 

After trunk sewer lines have been located by the engineer, who has 
taken the factors of economy, favorable construction and the more ob- 
vious property restrictions into consideration, the location line is sur- 
veyed by local surveyors. These men have obtained this work by com- 
petitive bidding and with their knowledge of local conditions, such as 
monumented lines, subdivisions and municipal restrictions, make and 
certify to the usual property maps showing temporary and permanent 
easement lines cutting individual lots; the municipal lines; all property 
lines intersecting sewer easements; and the names of property owners 
and the portion of their property, in square feet, to be affected by the 
temporary and permanent easements. This field work of a local sur- 
veyor over a proposed sewer line was independent of the work of the 
Commission’s engineers. 

Armed with this property information and an estimate of the value 
of the easements as determined by local reputable appraisers, the com- 
mission’s real estate representative interviewed the property owners. 
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Problems met in construction on owner’s land were discussed and agree- 
ments reached regarding their relative value with respect to actual and 
consequential damages. This problem of property acquisition was some- 
tines a long drawn-out affair due to absence of owners, prejudice, mis- 
understanding or downright refusal. 

[t was usually possible to explain away the objections of the owners, 
or to make certain concessions which avoided the costs of condemnation, 
which had to be resorted to in only a few cases. 

Some easements in public lands were secured by agreement with the 
municipality or the Westchester County Park Commission at no financial 
expense. When an agreement was reached with a private owner, an 
option with consent to enter upon the property was secured which per- 
mitted construction to proceed at once. Where an agreement as to the 
price could not be reached, an effort was made to secure an option to 
purchase or condemn, which also did not delay the proposed construction. 

Of course, the problems which have presented themselves in the ae- 
quisition of sewer easements are many and are too varied to be considered 
in detail here. The chief objections which the owners have invariably 
raised regarding the permanent easements are three. First, the cloud 
on the title of the property caused by the presence of an easement on 
record; second, the fact that the value of the property would be de- 
preciated by the easement, and, third, the difficulties of building over the 
sewer. These objections are honest and were admitted at all times by 
the county representatives; in answer to the first and second, the pay- 
ment for the sewer easement was intended to inelude sufficient moneys to 
compensate the owner for this depreciation and loss in sale value. In 
reference to building over the sewer, all grants were taken with the pro- 
vision that the owner could build over the sewer, provided the sewer was 
not subjected to any load from the structure. Several large buildings, 
residences and apartments have been built over the various trunk sewers, 
with no unfavorable results. 

The permanent easement taken, which included rights to construct, 
operate and maintain the sewer for all time, varied in width from 12 
feet to 20 feet, aceordine to the size of the sewer to be constructed. 
Similarly, the temporary easement taken for the short period of con- 
struction varied from 40 feet to 60 feet in width. 

Strenuous objections were made to the temporary easement. It some- 
times became necessary to make settlements for trees, shrubs, ete. before 
it was possible to secure entrance. However, since much of the county 
sewer construction was in park lands and in at least three instances in 
private golf courses, on which construction and restorational damages 
were a minimum due to strict supervision by the engineer and inspector, 
the contractors employed by the sewer commission soon aequired a 
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reputation for careful work, which greatly aided in the acquisition 
easements. 

The real estate division of this sewer commission has been in opera- 
tion since January 1930. Since that time some 313 parcels have been 
secured at a cost of $232,000. 

In conclusion, it is pointed out that the acquisition of sewer ezse- 
ments, which present certain difficulties, at times may be facilitated by 
cooperation with local surveyors and by having as the county representa- 
tives men who understand the local property conditions as well as the 
engineering phases of the work. 


TRUNK SEWER AND TUNNEL LOCATION, PUMPING 
PLANTS, SPECIFICATIONS AND CONSTRUCTION 


By F. C. ZEIGLER 
Project Engineer 


This paper represents a few thoughts which would perhaps be appli- 
eable in extensive work such as that of the Westchester County Sanitary 
Sewer Commission. 

A study should be made in advance of available maps for the deter- 
mination of the areas of sewer districts to be served, of existing or pros- 
pective plans for sanitary facilities by municipalities and the general 
route to be followed from the upper extremity to the site of the sewage 
works. 

Favorable topographical conditions alone may fix sewer location in a 
valley which of course is usually lower than any area to be served. 
Location elsewhere may be necessary to suit special conditions and to 
serve developed areas. In any case location should, if possible, be fixed 
at elevations low enough that connecting laterals may be able to cross 
below any drains, streams or other obstructions in their route to the 
trunk sewer without prohibitive expense. 

The use of private land may be restricted by cost of easements, 
nuisance or other damage. The use of public land such as in parks may 
require avoidance of trees or other natural or artificial features which 
may be costly or impossible to restore. Ample working space for con- 
struction purposes in any case is of great importance. In open unde- 
veloped country it may be necessary to make a study of its proposed 
future development so that location may be made to conform as far as 
practicable with the plans of its owners. Obstructive property owners 
oceasionally foree location to places where less objection may be en- 


countered. 
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Occupation of railroad property may seem necessary or desirable 
but parallel use undoubtedly will be resisted by the railroad if any other 
practicable course lends itself to the purpose. 

Manholes should be so located, if possible, to avoid water courses by 
a reasonable distance, especially if used for water supply purposes, so 
that there may be no risk of pollution. 

In public streets, consideration should be given to present or future 
possible publie or other utilities which may conflict or require expensive 
remedies. The removal and replacement of permanent pavements is 
likely to prove expensive. Excavation for sewers of even moderate 
depths may disturb other nearby structures particularly vital in the case 
of lateral sewers, water and gas mains. The importance of these and 
other invisible or often unknown structures which are difficult to locate, 
should not be under-estimated in trunk sewer location, especially where 
rock exists and where damage may occur from blasting in its removal. 

Borings to determine subsurface materials on a preliminary route 
may be helpful to the engineer in further selecting one of several possible 
locations. They may help, if made frequently enough, in estimating 
partial quantities, determining ground water level, etc., also to indicate 
special precautions which may be necessary in construction. 

Actual location of line may be so fixed or limited in developed ecom- 
munities that the field work simplifies itself for the engineer. Else- 
where, the matter of experience and judgment governs in balancing all 
of the factors. 

Suitable equipment in keeping with the character of the work should 
be available for expediting location surveys. Previous experience in its 
use will be of value in careful selection of.accurate, durable and most 
satisfactory equipment. Such details, often neglected as unimportant, 
if carefully thought out, may save considerable trouble, delay, uncer- 
tainty and repetition of work. 

The field survey of the line should begin, if possible, at one of its 
extremities and be continued toward the other. If begun at the up- 
stream end, plotting notes, and design can usually proceed in a logieal, 
continuous and systematic order. Duplicating field books provide copies 
of notes for simultaneous office use. Magnetic bearings will afford a 
check against errors in reading and recording angles or their direction. 

Precise or carefully checked levels to establish bench marks should 
precede ground profile levels. The benches should be placed on solid, 
firm and permanent objects which are reasonably close to the work but 
not so near as to be affected by any later construction operation. Their 
spacing should be such as to permit convenience in checking all inter- 
mediate level runs. Judgment should be used in selecting such points or 
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objects as are unlikely to be affected by frost or other elements. 
drants, curbs and such objects are quite unsatisfactory. 

In addition to notes accurately describing the location of beneh marks 
it is advisable to attach to each one in the field a brass tag for positive 
identification. 

Unless there is in use an otherwise established datum for the leveling 
system of the community, recourse should be made, if possible, to the 
Federal benches. Such a standard may afford the establishment, if 
oceasion demands, of the relationship with other known leveling systeis. 
Too many arbitrary and unknown or assumed datums are in use that are 
unrelated to each other or to definite planes. Reference is made to goy- 
ernment publications such as Tidal Bench Marks of the Department of 
Commerce for help in use of suitable datums. 

In running profile levels it is important to secure accurate elevations 
of such structures, clearances, ete., which may have to be considered or 
provided for in the proposed trunk sewer design or construction. Ele- 
vations in particular of any nearby parallel or intercepted stream should 
be obtained for the contract drawings and design. This may be espe- 
cially important as a guide to ground water or stream conditions to be 
encountered in construction and to be provided for by the contractor. 

Low level trunk sewers, possibly running to pumping plants, are of 
course a necessity where the main trunk sewer has to be so located at such 
an elevation as to reach by gravity an outfall some distance away. Here 
the required gradient with an economical pipe size and suitable velocity 
may fix its location far above the low areas whose sewers must be inter- 
cepted by the low level line. The problem of proper and suitable loca- 
tion is one in which special features may have an important bearing. 

In tunnel location the condition usually arises where a natural or 
artificial barrier prevents economical open trenching or perhaps requires 
a deep siphon. In general, tunnels should be avoided if possible because 
of high construction cost. But topographical conditions may be such 
that an open trench route would be excessively long, cause damage to 
pavements, interfere with traffic, require costly easements, ete., all or 
part of which may far outweigh the cost of the short or direct line tun- 
nel in perhaps more favorable subsurface materials. 

With the tunnel determined upon as the economical proposition, 
various factors may govern its exact location. There may be the alter- 
native of a short route with occupation largely in privately owned land 
requiring purchase and perhaps condemnation for necessary easements 
or a long route with occupation by irregular alignment in publie land, 
streets, ete. The various problems must be duly considered in the pres- 
ence of complete data in deciding upon the proper location of the tunnel. 
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One sewer tunnel in Westchester County had in its length of two 
miles a tangent 1.5 miles long which crossed city streets at an angle of 
about 45 deerees. 

Due to topographical conditions, buildings, and other obstructions it 
was impossible to establish the sewer line on the surface of the ground 
by simple straight line survey methods using transit sights from either 
end or at intermediate points. Therefore, to establish the tunnel line on 
the ground for location, its direction in construction, also for property 
maps, profiles, working drawings and intermediate shaft location, ete., 
it was necessary to run six quadrilateral surveys. Each quadrilateral 
had two of its sides common to the adjacent one and all survey or base 
lines followed the public streets. The survey was made with great ac- 
euracy and slight errors that occurred were balanced in computing the 
traverses. Work of this sort is very trying, requires constant attention, 
vreat patience, painstaking effort and close cooperation of the entire 
survey party. Surveying under nearly uniform temperature conditions 
in the absence of sun is practically essential to the successful aeeomplish- 
ment of precise work required in surface location for tunnels. 

Passing to the subject of pumping plants, a sewage pumping plant is 
obviously a necessity where the flow of low level trunk sewers or inter- 
ceptors has no gravity outlet and sewage must be raised by pumping to a 
high level trunk sewer. 

Aside from the structural features, a pumping plant and its grounds 
should present a pleasing exterior appearance in harmony with its sur- 
roundings and should have sufficient character to conceal, for sentimental 
reasons at least, as nearly as possible its purpose. Some of the essential 
features of a complete plant should include automatically controlled 
inlet gates with emergency closing device, a trash rack preferably me- 
chanically cleaned, mechanically operated grit collection and removal, a 
wet well of suitable but not excessive capacity, generous capacity in 
electrie motor-driven pumps of the non-clogging sewage type with 
enough units for emergency and breakdown reserve, automatically con- 
trolled as to single or multiple operation, and suitable electrical equip- 
ment ineluding switchboard, transformers and meters. Of vital im- 
portanee in a modern electrically operated plant is a provision for two 
sources of power so that in case one source fails there will be only a 
momentary plant shutdown in switching to the other source. 

Purchased power from a main feeder with a second main feeder in 
reserve should be the minimum requirement as insurance against plant 
shutdown. Serious damage caused by complete shutdown of the plant 
during possible failure of all purchased power is a risk which calls for a 


separate power service easily provided for by Diesel engines to generate 
current at the switchboard. A modern plant should be a self-contained, 
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largely automatic installation requiring a minimum amount of manu:! 
attention. 

The design of important sewage pumping plants is highly involved 
in hydraulic, electrical, mechanical and other features requiring dd: 
pendability at all times. Among important considerations may be men- 
tioned a few such as deciding the least number and size of pump units 
to be installed with safety, the desirability of using primary power 
motors to reduce transformer losses,,relation of maximum demand power 
charge to motor horsepower and service, uniformity in pumped flow to 
treatment plant, size of force main and eapacity of venturi meter, sum) 


Fig. 1—Hutchinson Pumping Plant. 


pumps, emergency storage battery lighting and miscellaneous auxiliary 
t e z . GS t ) . 


equipment, tools, facilities, ete. 

The switchboard for a pumping plant is likely to be far more complex 
than required in any other sewage works operation. All of the functions 
of the switchboard and its auxiliary telltale board should be carefully 
worked out and installed by specialists in this field of work. Stoek types 
of electrical controls, devices, ete. are rarely suitable to pumping plant 
installations without attendant risk of failure to function as desired. 

Specifications vary greatly and often reflect the knowledge and ex- 
perience of their authors in the technical, practical, equitable and legal 


matters which are usually involved. 
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in municipal contracts for sewers and appurtenant structures one 

form of eontraet ineludes an advertisement, invitation to contractors, 

ifications, forms for contractor’s bid, contract and bond. 

The purport of the contract, needless to say, is to cover the scope of 

the work, its loeation, prescribed materials, the results to be attained, 


spec 


eontraetor’s experience, financial competence, his bid, and such con- 
tractual provisions as necessary for obtaining materials and workman- 
ship ealled for and affording ample protection to the municipality 
against claims for damages of any kind arising out of the work. The 
old practice of writing contracts loosely in generalities and vagueness 
has given way to a new order of clarity in specifying requirements, and 
contractual provisions. Close competition has brought a realization to 
contractors of the need of self protection under the rights which may be 
afforded by the clauses of a contract. Especial care should be taken to 
include every anticipated condition which may arise in the work if 
extras and claims are to be avoided. Fairness to the contractor should 
not be overlooked. The legality of various provisions should be verified 
by consultation with attorneys experienced in contract work. Observ- 
ance of labor, lien and other laws and ordinances should be required. 
Among the provisions which should receive particular attention in 
drafting sewer and appurtenant specifications may be mentioned a few 
such as a requirement that certified bidding checks of another state shall 
bear the certification of a correspondent bank in the state where the 
work is to be done; caution in any use of boring information preferably 
prohibiting such to contractors; a clear statement as to approximation 


of quantities, compensation, property damage and public liability in- 


surance with such ‘‘save harmless’’ provisions as will afford ample 
protection to all concerned; extra work clauses stating inclusions and 
exclusions ; guarantees and trial operation of plant and equipment by 
the contractor for a given length of time; maintenance for a definite 
time after completion prior to final payment; preference for local labor 
and minimum legal wage rates; permits, bonds, observance of local ordi- 
nances, regulations, ete., maximum infiltration or leakage allowance; 
concrete, its graded aggregates and proportions to obtain greatest 
strength; material bonds and other provisions to protect the municipal- 
ity in the ease of obligations incurred by the contractor for which it 
might be held legally responsible when payments otherwise due the con- 
tractor become liened or assigned. Unless protected with satisfactory 
evidence in the form of receipted bills it is somewhat risky to make 
allowance as sometimes done in the past in partial payment estimates 
for certain materials delivered at the site of the work which might be 


subject to liens. 
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In construction it is essential that the field engineers and inspector's 

be thoroughly familiar with the provisions of the specifications. Ac- 
-curate field data and profiles bearing on the work and all records at- 

fecting payments are essential. Experienced contractors naturally 
handle their work with skill and speed, especially in sewer construction. 
Lack of experience usually results in losses due to inability to overcome 
seemingly great obstacles. One of the most important of troubles to be 
encountered in sewer and appurtenant construction is the proper con- 
trol of subsurface water conditions; also the proper handling of ma- 
terials to be excavated to secure a firm undisturbed subgrade without 
loss or shifting of adjacent ground. The construction of large and deep 
trunk sewers usually involves far greater difficulties than small ones, yet 
the skilled sewer contractor appears to manage both with ease. 

Tight and substantial trench sheeting, firmly braced, driven well 
below suberade in a workmanlike manner with air hammers, backfilling 
of cavities outside of the sheeting, storing excavated material far enough 
away from the edge of the trench to avoid surcharge pressure are neces- 
sary, of course, in difficult or deep ground conditions, especially where 
adjacent to pavements, buildings, tracks or other structures. 

Soft trench bottoms may often be made firm by removing some or all 
of the poor subgrade material and replacing it with broken stone, gravel 


or tamped cinders. In boiling, water-laden, shifting materials, a mat 


of hay placed in the bottom before the broken stone will usually be 
effective in eliminating troublesome conditions. Good pumps of the 
centrifugal type operating from deep sumps to which the underdrain is 
led, placed at reasonably close intervals, are most commonly used for 
trench drainage. When necessary to avoid deposits or turbidity in 
streams or drains, the well point system in favorable soils will usually 
be more satisfactory than pumps. However, pumping into properly 
designed and maintained settling boxes with suitable overflows may 
otherwise reduce objectionable deposits. 

Crawler pull shovels and convertible cranes with clam-shell buckets 
for trench exeavatine and drag line buckets and bulldozers for back- 
filling in the presence of puddling are commonly used on large sewer 
work. 

The circular type sewer where of reinforced concrete may be of 
monolithic construction or pre-cast pipe laid on a poured concrete cradle. 
Some contractors seem to be of the opinion that monolithic work is less 
costly than the pre-cast type. The majority appear in favor of pre-cast 
pipe construction if for no other advantage than speed in laying. Joint 
making, however, requires skilled and experienced workmen if trouble is 
to be avoided in testing or otherwise. 
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Tunnel construction requires expert planning and execution. Size 
of the tunnel and character of material encountered greatly affect the 
methods to be used and the ultimate cost. In small tunnels practically 
all work must be done by hand. Larger tunnels permit use of track and 
machinery. Roek work with its blasting often involves risk of damage to 
buildings and other property. In cities blasting may be restricted by 
ordinance to daytime working hours so that progress may be slow and 
expensive. Tunneling in soft or flowing and shifting material may 
require perhaps the use of compressed air for its successful execution. 
The use of steel liner plates is usually very satisfactory for temporarily 
restraining soft or non self-supporting material in tunnel excavation. 
Where heavy or moving loads are overhead these lines have been rein- 
forced with alternating steel I-beam ribs. 

Tunnel portals and shafts with their equipment and noisy operation 
are often a nuisance over an extended period of time and a source of 
many complaints in a populated community. Under such conditions the 
use of silent equipment and reduction of all noise to a minimum is neces- 
sary. 

Suitable headframes, cages, cars, trueks, hoisting and material 
handling equipment are essential to economical prosecution of the work. 
Kacilities for good ventilation and drainage should be provided as well 
as good electric lighting. These three are especially important to the 
engineer in his line and grade work. In short tunnels electric lights may 
be supplied by means of portable generators. 

Alignment holes may be driven vertically from the surface of the 
eround to the tunnel level at convenient places for establishing or check- 
ine line and erade in long tunnels or ones of irregular alignment. 

Jacking pre-cast concrete pipes in material other than rock under 
roads and railroads is somewhat successful under suitable conditions. 
Favorable use of the jacking process usually occurs with small diameter 
pipe and through short distances. 

Among the essentials which are necessary to success in jacking pipe 
may be mentioned a few such as careful planning and preparation of all 
details of the work, definite advance information as to subsurface soil 
conditions at pipe grade, use of extra strength reinforced concrete pipe 
of the A. S. T. M. Designation C76—-30T, usually 4750 Ib. quality, ab- 
solute drainage of water to a level below grade, dependable jacks, in 
duplicate, of ample power, tested in advance, experienced workmen and 
superintendent, as well as complete equipment necessary for continuous 
operation. With large pipes the use of a steel shield, a part of which 
controls its direction by means of screws, at the advance end of the work 
appears to have been the most successful method used to maintain true 
line and grade throughout the jacking operation. 
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Pipes which are jacked may be. used to envelope a smaller enclos:-d 
pipe sewer. Otherwise if used for the sewer itself special attention 
‘Should be used to tightly seal all joints as well as to grout them to pre- 
vent infiltration or leakage. 

Conerete for lining tunnels of small diameter may be deposited by 
hand or plaeed by chuting through bore holes previously driven from 
the ground surface. In larger tunnels rapid progress may be made by 
conveying the concrete in cars from a shaft or portal mixing plant to a 
chuting machine set up on a movable carriage just outside of the forms 
to be conereted. The central mixing plant so arranged as to reduce to 
a minimum the handling of materials and with features permitting close 
regulation and uniformity of ouput lends itself to most satisfactory and 


economical work. Transit mixed concrete properly controlled and _in- 
spected at all stages is an excellent product provided it can be delivered 
as and when desired without delay. In fact, care in designing concrete 
by analyzing and selection of materials and their proportioning will 


produce very gratifying results in strength and quality. 


WATER TIGHTNESS IN SEWERS AND HOW TO SECURE IT 
By E. C. HAatLock 
Chief Inspector 


The importance of building watertight sewers is easily understood 
when it is realized that the cost of operating treatment plants depends, 
to a large degree, upon the amount of sewage treated, and its useful life 
is limited by its capacity. The infiltration of ground water and its 
resultant treatment at the plants, therefore, constitutes an unnecessary 
expense and reduces the capacity of the plant for treating actual sewage. 

Far more important from a publice health standpoint is the safe- 
vuarding of public water supplies from sewer leakage. This had to be 
taken into consideration where the sewer crossed water aqueducts or was 
laid in the vicinity of water supplies and, in one instance, passed under 
a lake or reservoir used for drinking water. 

Since the trunk lines, for the most part, follow along valleys also 
traversed by rivers which the sewers cross at several points, sometimes 
crossing from three to five feet below the river bed, and as the lines are 
nearly all far below ground water level, the utmost care was taken to 
insure a permanent and tight line and to prevent seepage into the sewer. 

On the work of the Westchester County Sanitary Commission it has 
been necessary to use both cast iron pipe and reinforced conerete pipe. 
On east iron pipe, which was of the bell and spigot type, the most com- 
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mouly used joint was made by the usual method of first forcing in the 
oakum to prevent the lead that is later poured in from entering the pipe, 
the lead then poured and caulked into the bell. Twelve foot lengths of 
pipe are used, laid on crushed stone with a vitrified tile underdrain which 
is a great aid in securing a dry trench and the dry pipe necessary for a 
successful joint. 

On the sewer outfall lines, which are of various sizes, the largest being 
of 54 in. east iron pipe, with machined lips on both ends, the Victaulic 
joint was used. This is a flexible joint consisting of a rubber gasket over 
the lips, held in place by segmented steel rings bolted together. 

In one instance where a large cast iron pipe was supported over a 
stream the Dresser Coupling was used. Only in the treatment plants 
proper have any flange joints been used. 

The Commission specifications require that a water or air pressure 
test of at least 40 pounds per square inch shall be applied for 24 hours 
to the interior of cast iron gravity or pressure sewers and all joints which 
leak under such test shall be recaulked or otherwise repaired even to the 
extent of melting the joint out and repouring and caulking until tight. 
In making the water test the trench and bell holes shall be kept free of 
water. 

On this work many miles of reinforced pre-cast concrete pipe 
have been laid. This pipe ranges in size from 24 in. to 72 in. in diameter. 
Kight-foot lengths are generally used. The general method for making 
these joints is first to break out a piece from the top of the bell to pro- 
vide for pouring in the mortar. The pipe is then laid in the treneh on 
pre-cast concrete blocks about 1 ft. wide which have been brought to 
grade and a piece of burlap about 8 inches wide is wrapped around the 
joint and made tight on top, leaving room to pour (Fig. 1). A conerete 
cradle for the pipe is then poured, using a mix of 1:19:34, erushed 
stone of 84 iif being used and two 1-in. reinforcing rods, one on each side. 
After this the joint is mortared up on the inside and the following day 
the outside of the joint is poured. Another method is to use a steel 
sealing band which is expanded on the inside, and then the joint is 
poured from the outside as above. 

The mortar generally used in these joints consists of a 1:1 or 1:1% 
mix, the sand passing a 4% in. mesh. Quick setting cement is used in 
fall and winter and ordinary cement in spring and summer. To keep 
an even temperature tar paper is placed on whalers, leaving an air space 
underneath. 

A joint which was developed and patented by one of our inspectors 
and named after him, called the Burtnett Joint, has undergone success- 
fully some pretty severe tests. This consists of a special bituminous 











308 SEWAGE WORKS JOURNAL March, 1:3 


compound mixed with equal portions of cement and sand and is used i 
connection with a special groove in the joint. 

The Commission’s specifications for testing reinforced concrete pi 
for watertightness provide that ‘‘The sewer barrel shall be filled 
water which shall then be brought to a pressure equivalent to a heigilit, 
upon completion of the test, of no less than 4 feet above the exteri 
crown of the sewer at the upstream end of each section tested. When 
making a test with water inside of the sewer, all water shall be excluded 
from the trench. 

‘‘Leakage from inside or infiltration from outside the conerete pipe 
sewer during a continuous 24-hour test shall not exceed a rate of 1 gallon 


Fic. 1. Joint on pre-cast concrete pipe. 


per hour per inch of inner diameter of pipe per 100 feet of completed 
sewer, and no joint or 8-foot length of pipe in completed sewer shall leak 
an amount in excess of 1 quart per hour per inch of inner diameter.”’ 
The success of any type of joint depends upon the proper execution 
of the prescribed method. The contractors have worked with the in- 


spectors watching these joints and in nearly all cases have secured fin- 


ished sewers which in tests always showed an amount of leakage far below 
the amount allowed by the specifications. In the case of the Mamaroneck 
trunk line sewers the total infiltration allowed was over 725,000 gallons 
for 24 hours, for about 15 miles, while the actual infiltration showed a 
maximum of 86,000 gallons for 24 hours. 
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FINE SCREENING, INCINERATION AND STERILIZATION 
PLANT CONSTRUCTION AND FEATURES 


By J. W. VANDENBURG 
Project Engineer 


Each of the three plants of the Westchester County Sanitary Sewer 
Commission at South Yonkers, Mamaroneck and North Yonkers cost, 
without land, between $500,000 and $1,000,000. They provide for fine 
screening and chlorination, with incineration of the removed solids. The 
effluent in each case is discharged under 40 feet or more of swift tidal 
water. The capacities run from 40 to 80 million gallons. The South 
Yonkers and the Mamaroneck plants have been in operation about two 
and a half years, and the Sawmill about half a year, the latter being not 
yet entirely completed. The tributary areas have not all been connected 


Fic. 1.—-Bronx, Hutchinson and South Yonkers Plant. 


and the present flows are increasing as connections are made. As is 
usual, some conditions met have required solutions which are more or 
less particular to the plants, and it is some of these which will be touched 
on. 

The three plants offer striking contrasts in foundation requirements. 
The South Yonkers Plant sets on a stratum of brown sand overlying bed 
rock, which varies from a few feet on one side to a considerable depth on 
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Fic. 2.—Mamaroneck Plant. 


if 


Fic. 3.—Sawmill, North and Central Yonkers Plant. 
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the other. There is just enough clay in the sand to make it stand for 
quite a time on the side of a 10 or 15 foot cut. Footings were studied to 
be kept above ground water and this was found to be possible everywhere 
but in the incinerator pit. This resulted in spread footings without 
further support. The unit loads were kept low and the results have 
been very satisfactory with a considerable saving in cost. At Mama- 
roneck, however, where a pump well to pick up low level drainage was 
necessary, this part of the structure went down some 30 feet into bed 
rock. The rest of the building foundation was from 10 to 20 feet above 
the rock surface, and in order to secure a uniform support, conerete piles 
were driven firmly to rock. The results here have also been excellent and 
the possibility of part of the building subsiding with the rest remaining 
rigid has been avoided. At the Sawmill Plant borings showed rock to 
be from 80 to 100 feet down, overlaid with a considerable layer of sand 
and gravel and above that a heavy layer of soft blue-black river mud, 
covered by a few feet of recent miscellaneous fill. As the upper ends of 
piles were in the range of the top of ground water or above, composite 
piles were used, driven solidly into the sand and gravel stratum, care 
being taken to go through a thin layer of peat which developed near the 
top of the sand in some places. Some of the piles had an overall length 
below eutoff of over 90 feet. Though the ground was so soft that it 
could be felt to quake all around the driving rig when in operation, the 
results appear entirely satisfactory. 

The type of building structures used results in considerable expanses 
of flat roof, and in accordance with the trend of the times air markings 
complying with the Government regulations, have been painted on them. 

Another feature, having to do with the field work particularly, was 
the use of various parts of the installations before completion of the en- 
tire plant. At two of the plants screening was commenced months be- 
fore completion of the entire job, in one case before the roof was up. 
Similarly, the installation of the chlorination apparatus was arranged 
so that use could be made of it long before other parts of the plants were 
done. 

This idea was followed particularly at the Sawmill Plant with the 
coordinating of the incoming and outgoing sewer lines. Two sections of 
the incoming lines were ready and put to use, though not complete in 
every detail. within a few days of the commencement of screening and 
chlorinating. In systems involving such large expenditures, and in 
which it is particularly important that their facilities be available during 
the summer, the advantage of such procedures is evident. 

Returning to details of the plants themselves, as a thought on piping, 
the general plan has been followed in these plants to place all piping in 
an accessible position, avoiding, as far as possible, encasement in masonry 
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or under floors. While this may not always provide the most attractive 
result for appearance, it is a blessing when trouble occurs. 

As a list of the piping in these particular plants ineludes cold fresh 
water, hot water, salt water, roof drains, station toilets, floor drains, oil 
piping, chlorine gas piping, chlorine solution piping, steam heating pip- 
ing, return heating piping, compressed air piping as well as some half 
dozen assorted pipings for special instrument installations, it becomes 


evident that the purpose of a pipe may not be at once clear from a casual 
glance. To aid in tracing lines, the well known method of distinctive 


coloring has been used. 


Fig. 4.—Screen Room. South Yonkers Plant. 


The same method of installing electric conduits has been followed 
as for pipe, namely to keep them out of the walls and floors as much as 
possible. Many no doubt prefer conduits concreted into floor slabs, and 
there are some places where motors cannot be reached in other ways with- 
out entailing considerable inconvenience, but it is remarkable how much 
of the conduit work can be kept visible by a little planning, and how 
readily lines can be followed and changes made when such an arrange- 
ment is used. 

Among the pipe lines, the chlorine solution lines are, from the very 
corrosive nature of the fluid they carry, a somewhat troublesome problem. 
While vitrified material is well fitted to resist this action, the effective 
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jointing of the separate lengths of vitrified pipe is difficult and the pipes 
themselves somewhat brittle. Of other materials, hard rubber is promis- 
ing and steel pipe lined with hard rubber has been used in two of the 
plants. It seems to be standing up well and is rugged enough to permit 
installation in an exposed position where it can be easily installed and 
constantly watehed. Fortunately, it has developed that good work- 
manship has resulted in no difficulties to date. The final length of its 
life is not yet known. The cost is about double that of wrought iron pipe 
but, of course, the iron pipe would not be serviceable. There are several 
other little points about this chlorine solution piping that have come up. 


Fig. 5.—Typical Piping. Sawmill Plant. 


The question of valves which will not stick and are able to stand the 
service, has been met in the smaller sizes by screw-down valves made 
completely of hard rubber. They are of somewhat different design from 
ordinary gate or globe valves, more nearly resembling the latter, and 
came to our attention at one of the annual chemical shows in New York. 
An interesting economy in the water for chlorination has been found 
to result from a reduction of the pressure in the chlorine solution lines. 
Even with a steady downward grade there seems to be a tendency for air 
to pocket in the high end and some back pressure to occur. By drawing 
off this air and thus filling the lines the resistance is reduced and a saving 
in one ease of more than a third of the water consumption resulted. 
Whether water is purchased or pumped, this is apt to be worth while. 
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Keeping the screens clean is quite a job and requires quite a litile 
water. Common procedure is hosing down, dripping on a little keroseiie, 
‘and rubbing up from time to time. At the Sawmill Plant there has been 
provided an adaptation of the reciprocating sprinkler used to water 
large gardens. This automatically oscillates back and forth in such a 


way as to direct a stream of water against the screen plates as they re- 


volve and is quite an effective aid in keeping them clean. 

The water used for this purpose is from a centrifugal pump at a 
pressure of about 50 lb. per sq. in., which gives quite a nozzle velocity. 
The pump is set in the plant with its suction in the river. Being of the 


Fig. 6.—Chlorine Machine Room. Sawmill Plant. 


self-priming type, it is very unlikely to lose its suction, and being centrif- 
ugal the power decreases as the demand for water drops. 

To this source of water are connected, also, the injectors of the 
chlorine machines, as it has been found much cheaper to use this salt 
water than the very excellent water from Westchester’s lakes passing by 
on its way to New York City. Fluctuations in pressure due to the use 
of river water for washing down, ete., are kept out of the machines by 
the pressure regulating valves. It has been considered advisable to use 
fresh water for the trays, but as this is only about a tenth of the total, 
the saving on the balance is well worth while. 

A reduction of odors in the plants has been found to be aided by 
first, an application of a few parts per million of chlorine to the sewage 
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just before it enters the plant; and, second, keeping the gates at the in- 
coming point closed down so they touch the surface of the flow. At 
South Yonkers the point of application is, in fact, downstream from the 
cates and good results are attained, but a location farther upstream 
seems more desirable from this point of view. Another aid in keeping 
odors in the plant under control is a connection between the bins, espe- 
cially the screenings storage bin over the incinerator, to a negative pres- 
sure oceasioned either by a fan or by the incinerator. At the Sawmill 
Plant the arrangement is such that this draft also pulls through the roll 
press housing, thus tending to prevent odors from this souree. With 
care in arrangement and use, a comparatively small suction line can 
draw from quite a large area. 

Still another aid, and one of the most important, is curving the 
channels so that corners where settlement might occur, are avoided as 


much as possible. To assist in this, the sluice gates controlling the flow 


at various points have been provided with a semicircular shape at the 
bottom instead of the conventional rectangular outline and a similar 
cross section given to the waterways. 

The Venturi meters, of which there is one at the Mamaroneck Plant 
with a large diameter of 54 in. and one at the Sawmill Plant with a 
diameter of 48 in., are of the type having an eccentric throat, so as to 
effect a level invert, instead of the usual shape symmetrical about a longi- 
tudinal axis, thus avoiding any tendency for accumulations at the up- 
stream side of the hump which the latter type would occasion in the 
invert. 

To aid in sampling the effluent, sampling pumps have been installed 
with their suctions in the effluent lines near the Venturis, having a take- 
off in the laboratory. These pumps are so hooked up with cross con- 
nections on the suction and discharge, that they can also be used as sump 
pumps for low places in the plants, such as the Venturi chamber. 

Two types of incinerators, both adaptations of well known standard 
makes, have been used, one with a water jacketed fire box and one with 
fire brick construction throughout. Both have met the somewhat 
stringent specifications and the guaranteed performance. 

The problem of auxiliaries to the incinerators is an interesting one. 
While the precise amount of oil burned per ton is, of course, important, 
it is evident that this is only one of the items entering into the total cost 
of burning, and that the largest single economy is perhaps to be looked 
for in reducing the actual time of burning with a given setup of ap- 
paratus. With this in mind an effort has been made to reduce the water 
content of the screenings before putting them in the incinerator, and it 
has been found possible to better than cut the overall weight in half. 
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This result, added to the fact that the drier screenings burn more readily 
and require less fuel, makes the advantage of such a procedure eviden: 

The matter of charging the incinerators is more complicated thian 
might at first appear. If the screenings are sent direct from the serecns 
to the bin over the incinerator, the water content is high, averaging 
probably over 90 per cent. Some of this water accumulates in the bot- 
tom of the bin and may come through with the first charge. This means 
a sloppy job for the fireman and a slowing up of the burning, as a full 
charge cannot be put in and the water is slow in vaporizing. On the 
other hand, if the drier screenings from the roll press are permitted to 
stand for a while in the bins, they pack down and have to be dislodged, 
especially the accumulation just above the gates. This is accomplished 
either by an air jet manipulated from above the top of the bin, or by air 
jets inside the bin. In the Sawmill Plant an arrangement of air jets 
rigged so they can be rotated inside the bin from the stoking floor is 
being put into operation. 

The problem of reducing the water content of the screenings has been 
attacked by the simple method of passing them under a roller on a belt. 
The necessary mechanical details are provided to effect the driving and 
adjust the pressure, and more than half the water is removed. 

The problem of the feeding of the material from a bin to the belt 
has actually been a more difficult question than the operation of the roll 
press itself, and the method finally adopted at the Sawmill Plant has 
been a positive rotary feeder, which has proved quite effective. 

To assist in control of the plant, instrument boards have been pro- 
vided in two of them. These carry indicators, showing water level, tem- 
perature and rate of flow, and other similar pieces of equipment and have 
another space where small pilot lights show what pieces of the main 
equipment are in use, such as screens, pumps, ete. An item in connec- 
tion with these is the use of a small 1-watt neon bulb. The light is not 
bright, but is very plain, and a test bulb which was put into use to check 
up on the claim of an 800 hour life is still burning after 7,000 hours, so 
replacement should be infrequent, especially when compared to the usual 
incandescent bulbs. 

So many excellent recording and indicating devices are now manu- 
factured that it is possible to keep track readily of a large number of 
diverse operations, and smoke, or rather its absence from the incinerating 


process to which the sewage solids are subjected, is of extreme impor- 


tance. While few people perhaps are surprised when they read that 
aside from some four tastes, all tasting depends on the sense of smell, 
it is still somewhat astonishing to observe how much smelling is de- 
pendent on the sense of sight. The idea offers food for thought, and 
it is important to relieve the communities of objectionable odors due to 
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seeing smoke rising from the incinerator chimneys. Therefore, at the 
Sawmill Plant a smoke indicator was installed which operates to light in 
series five electrical lamps, if the density of the flue gasses should in- 
erease, by directing the gas across a ray from an ineandescent bulb to an 
electric coil. These lights may be adjusted to show even before smoke 
is visible at the top of the stack, and being placed at the stoking floor are 
a very convenient and accurate guide in the operation of the fire, and 
assist in assuring satisfactory performance of the plant as a whole. 





Industrial Wastes 


ACTIVATED SLUDGE FOR DAIRY WASTE * 


By H. KESSENER AND WILLEM RUDOLFS 


Director, Government Institute for Waste Purification, Holland, and 


Chief, Division Water and Sewage Research, New Jerse y Experiment Statio 


It has been frequently stated that it is practically impossible to treat 
dairy wastes by the activated sludge process. This would be true if 
quantities of milk-sugars were discharged. The growth of undesirable 
organisms would prevent efficient operation and the organic acids pro- 
duced impair the activities of the desirable organisms. ‘T'o show that 
the activated sludge process can be successfully used, producing a highly 
purified’ effluent without difficulties and at relatively low costs, is the 
purpose of this article. 


EXPERIMENTAL 


The senior writer made the first laboratory experiments in 1921 on 
purifying dairy wastes by the activated sludge process, using compressed 
air. These experiments established definitely the possibility of clarifying 
and stabilizing dairy wastes by this process. Subsequently more experi- 
ments were conducted, both in the laboratory and on a plant-seale basis 
in 1922 and 1923. For the experiments conducted on a working scale 
a Bolton tank (Simplex system) was used. The difficulties encountered 
were principally those classified under the heading of ‘‘bulking.’’ Con- 
tinued experiments showed that no bulking occurred when the Haworth 
system of aeration was used. 

During 1924 extensive comparative experiments were made on dairy 
wastes at Vorden, Holland. The following table shows the systems used, 
the types of wastes treated, tank capacities, air and power requirements: 


Air, Cu. Ft./| K.W.H. 


Tank Cu. Ft 
Capacity | - ue 
' j | Waste 


System Waste Treated | Cu. Ft. 
| Waste 
A. Direct Air Crudge Limed Dairy 388 Cu. Ft. 12 8.2 
B. Direct Air Effi. Septic Tank, Dairy | 388 Cu. Ft. | 3.6 4.1 
C. Simplex... Crude Limed Dairy 154 Cu. Ft. - 0.095 

* Journal Series Paper, New Jersey Agricultural Experiment Station, New 
Brunswick, N. J., Dept. Water & Sewage Research. 
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‘yom 1924 to 1927 extensive studies were made on the development 
of a surface aeration scheme which would distribute finely divided 
bubbles of air into the sewage and wastes, and cause a strong rippling 
effect on the surface in addition to some fine spray. The result was a 
device creating an accelerated mountain-stream aeration effect by the 
use of brushes similar to those used in certain street cleaning devices. 
Brush-aeration plants were built for slaughterhouse waste in Apeldoorn, 
Beverwijk, Helmond, Zwolle, and Zaandam, Holland, and for sewage 
aeration at Knoeke, Belgium. Several others have been built since in 
different countries, namely Germany, France, Belgium and one in New 
Jersey, U.S. A. 

In 1929, the senior author, together with Dr. H. Bach of the Emscher- 
venossenschaft in Germany, designed a plant for a condensed milk fae- 
tory of the Nestlé Company at Boué, France. This plant handles about 
90,000 quarts of milk a day in summer and was placed in operation in 
October, 1930. It has been working very satisfactorily. 

In 1931, Kessener designed a plant for the Nestlé dairy works at 
Hamoir, Belgium, for a capacity of about 25,000 quarts of milk per day. 
It was placed in operation during the spring of 1932 and visited by the 
junior author in September, 1933. 

At both plants lime is added to the waste during the summer months 
to prevent too rapid acidification. It is planned to omit liming next 
summer at Hamoir since this plant produces considerable volumes of 
cooling water, which will be used for diluting the waste to prevent acid 
fermentation. 

Hamor Dairy Waste TREATMENT 

This branch of dairy works of the Nestlé (Swiss) coneern is loeated 
in the beautiful Ourthe River valley, about 60 miles from Liége. At the 
beginning of the World War the German armies marched through this 
valley in the direction of industrial Liége for their first major attack. 
The most important industries in this section of the valley are stone 


quarries, dairies and summer resorts. As a summer resort the Ourthe 
Valley is well known to those living in Western Europe. The river is 
a rapidly flowing, shallow mountain stream supporting a variety of fish, 


among which trout is in abundance. 
The Nestlé industry is operated for a period of 8 hours daily, while 
the waste is treated for 24 hours. The products are condensed milk, 


sweetened condensed milk, some butter and cheese. 


DESCRIPTION OF PLANT 


The essential units of the treatment plant consist of a mixing tank, 
primary settling tank, aeration tank, final settling tank and separate 
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sludge digestion tank. The layout of the plant is shown in Fig. 1, while 
the details are shown in Figures 2, 3, and 4. 

Perhaps the outstanding feature of the plant is its simplicity. The 
waste enters the mixing tank where, during the summer, about 40 Ib. of 
hydrated lime is added daily; no liming is applied during the winter. 
The lime-treated waste is settled in the primary tank, after which the 
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Fig. 2. Sections of mixing tank, primary tank and aerators, dairy waste treatment, 
Hamoir. 


sewage is aerated by brushes and re-settled. The mixture of primary 
sludge and surplus activated sludge is conveyed by gravity flow to the 
digester. The volume of return activated sludge is regulated auto- 
matically by a telescopic valve. Sludge is pumped back by a water 
wheel, which is driven by the same motor that operates the brushes. 
Dortmund type (hopper-bottom) settling tanks are used. The settled 
limed sludge from the primary settling tank flows directly into the di- 
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gester. The lime added aids reaction control in the digester. This is 
rather important with the milk waste treated. No additional lime is 




















needed. The digester contains a wooden stirring device for the preven- 
tion of scum formation and mixing of fresh solids with ripe material. 
The wooden racks rotate for 5 minutes after each addition of sludge. 
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Fic. 3. Section of sludge return, brush aerator, secondary tanks, mixing and diges- 
tion tanks, Hamoir. 


Aeration is accomplished by specially made street brushes (Fig. 5) 
which rotate at 65 to 70 rev. per minute. The total length of the brushes 
is 52 feet, the diameter 26 inches. They dip about 0.6 inch into the 
liquid. The factory works only 8 hours per day, but the brushes are 
kept in operation continuously. A 414 H.P. motor is used for driving 
the brushes, agitators and waterwheel. This motor uses 2.5 KWH per 
hour. The brushes spray a portion of the sewage into the air and cause 
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an intense rippling effect of the mixed liquor across the tank. No addi- 
tional stirring equipment is necessary to prevent the solids from settling 
at the bottom of the tank. In earlier plants submerged paddle wheels 





, | rae 
| | 
SECTION C.D. 
SECTIONN.O. 
fl agit ” 
HI ery 
“— | ES | " 
, = s Ww j 
HA ./ SECTION P. Q. 
SECTION AB. Lh DL S| ss 


1G. 4. Sections of sump, pumphouse, and location of gate valves, dairy waste treat- 


ment, Hamoir. 





Fig. 5. View of brushes used for aeration at Hamoir. 
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had been installed for precaution. It developed later that the paddle 


wheels were unnecessary. 






The effect of the brushes on the surface movement of the liquid is 






shown in Fig. 6, while a close-up view of the spray caused by the brushies 










Fic. 6. Surface movement of liquid caused by brushes, factory in background. 





Fic. 7. Close-up view of spray caused by brushes, dairy waste treatment, Hamoir. 


is shown in Fig. 7. The spray is about 2 feet high and extends about 
half way across the tank. 

The plant was constructed to handle the wastes from the treatment 
of 25,000 liters of milk per day, but the settling tanks are large enough 
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to allow double the capacity. For extension only an additional aeration 
tank is necessary, Without further alterations. 

The cost of construction was rather low. Cost for concrete was about 
$4,000, for a 52 ft. brush, waterwheel and agitator in digestion tank 
about $700, and about $250 for reduction gear, bearings, shaft, ete. 


OPERATION 


During the time of the visit of the Junior author, the plant had been 
in operation about 144 years. It was exceedingly clean, neat and attrac- 
tive in appearance and was operated by one laborer. Sludge was dis- 
charged to the digester and the supernatant liquor, which was returned 
to the influent, was very clear with a slight H.S odor. The junior writer 
made some settling tests during his visit, the results of which are shown 
in Fig. 8. Mixtures were taken near the entrance and near the end of 
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Fie. 8. Curves showing settling of activated sludge at Hamoir. 


the aeration tank. It appears that the sludge was rather slow in settling 
and was voluminous after 30 minutes. Results of analyses taken at 
random, ineluding those of samples taken during the visit, are given in 
Table I. The results indicate that the settled waste has a low average 
suspended solids content and an average 5-day B.O.D. of over 300 p.p.m. 
so that most of the putrescible material is in a soluble form. The effluent 
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is very clear, has a B.O.D. of about 5 p.p.m. and contains an average of 
5.7 p.p.m. nitrates. 

[t is of interest to compare the river water with the effluent from the 
plant. The stream bed is strewn with boulders and rocky ledges over 
which the water dashes, providing excellent reaeration. During a 100- 
kilometer trip by automobile along the stream numerous anglers were 
observed. The effluent of the plant compares favorably with the river 
water. 


PowER CONSUMPTION 


The total power consumption for aeration, sludge stirring, ete. 
amounts to about 60 KWH per day. The different units required the 
following power: 


POR i aos w aostineva we Snag bio. 0 ele late o ane eA 490 Watts 
Reduction Gear and Waterwheel.......... 216 ee 
Di MRT RUOEDS «5 he So to.a\la 15 sedeico anges se One ws eee ics ao 85 ye 
GPRM oases stsere sata poor hy oi she micas ge “4 
PRES IUOUON elas so ae mS Sree Rie sre i a Dip Ree eee eas 1668 es 
EOGAL 4.ncie cla diaw ews s sci th MeO A Seis 2525 Watts — 2.5 KWH/hr. 


This power consumption is comparatively high, on account of the low 
flow, but is the same for 92,500 gallons of waste, the capacity of the 
plant. 


SUMMARY 


A surface aeration (brush) activated sludge plant is suecessfully 
treating dairy waste in Belgium. The plant is located at Hamoir. In 
September, 1933, it was treating about 37,000 gallons of waste per day. 
Analyses show that the effluent compares favorably with the water of a 
mountain stream into which it is discharged. Cost of construction was 
low. The plant is operated by a factory laborer, who makes routine 
tests, but analytical results given were obtained by the senior author. 
The plant is designed to handle the wastes from 25,000 liters of milk 
daily, or a waste production of about 92,500 gallons. The sludge from 
the primary settling tank is mixed with the waste activated sludge and 
digested. Supernatant liquor of the digester was very clear. 
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SEWAGE SPECIALISTS 










Sewage is apparently undergoing a metamorphosis that may make it 
difficult for us to recognize the common or garden variety. We have 






long considered sewage to be the black sheep of the aqua tribe, the out- 




























east and untouchable offspring of the pura family. The spent water 
supply has run to the sewers in disgrace, with a gray and ashy appear- 
ance often darkening into a black and villainous mien before the treat- 
ment plant was reached. No hand was raised to curb the living denizens 
of the liquid mess, and no prophylactic doses were administered to abort 
the inevitable malady—anaerobiosis. The sewage just kept running, 
like ole man River, and the bacteria lived and died in their own wild 
way, untrammelled by human intervention. 

When the treatment plant was reached, effort was made to regiment 
the living organisms, to set this group at work on the digestion of the 
solids, that group on the oxidation of the liquid, and finally to wipe out 
the remaining bugs by a dose of chlorine. The diagnosticians prescribed 
the old-fashioned remedies of rest (detention), fresh air, and only small 
doses of drugs. The patient usually survived this treatment but re- 
covery was a little slow. 

A new school of sewage doctors began to find fault with this laissez 
faire type of treatment and urged that more strenuous measures be taken 
to restore sewage to a respectable, stable member of the aqua tribe, by ad- 
dition of substances deficient in the ordinary diet of the organisms, or by 
improved and intensified ventilation and aeration. This school of 
homeopaths (represented by the PH degree) believed in small doses of 
lime for the solids, and their colleagues (DO degree) prescribed more 
oxygen for the liquid. If infection had to be checked, specialists with 
the CL degree were called in. 

Some of the forward-looking investigators at this time hoped to re- 
store old man sewage’s health to a point where he could do a little 
profitable work to pay for his upkeep. For a time it seemed as though 
he could produce fertilizer profitably, but this hope soon waned. Other 
students put him to work making gas, and this activity seemed to agree 
with him as long as he worked in a warm, well-regulated environment, 
although he still was far from self-supporting. With no illusions con- 
cerning the income-producing possibilities of the old fellow, another 






group proposed to support him as economically as possible, with prompt 








incineration of all his wastes and offal. 
328 










@ It 
lave 
out- 
ater 
ear- 
‘eat- 
ZENS 
bort 
ing, 


WV ild 


lent 
the 
out 
ibed 
nall 
re- 
ssez 
ken 
ad- 
r by 

of 
s of 
nore 


vith 


re- 
ittle 
ugh 
ther 
vree 
ent, 
eon- 
ther 
mpt 








Vol. 6, No. 2 EDITORIAL 329 





About this time, specialists of a new or revived school appeared, 
whose slogan was speed and more medicine. Drugs and chemicals were 
again introduced, and complicated prescriptions were written, which re- 
called similar dosages familiar to sewage doctors of a past generation. 
However, the new school pointed to the short convalescence required, due 
to the rapid effect of the large doses prescribed. Iron tonics were used 
liberally ; the patient’s reaction was kept on the alkaline side; and anaes- 
thetics were used when necessary. There still seemed to be one embar- 
rassing difficulty. Whereas, in human relations, vour best friend will not 
mention BO, among the sewage specialists it is fully discussed and con- 
stantly referred to as an index of the health of the patient, although the 
term used among sewage doctors is usually lengthened to BOD in a 
polite effort to avoid direct reference to this annoying yet universal 
malady. It seemed that the rapid treatment prescribed by the new 
specialists, with large doses of expensive medicine, did not rid the pa- 
tient of all of his BOD, but a faint aura still clung to him. One corps 
of specialists, however, discovered that this residual BOD could be 
practically eliminated by exposure to light (type ZO). 

While these doctors were working on their problems, a few municipal 
specialists brought up the possibility of combining two responsibilities, 
by placing sewage’s disreputable cousin, garbage, in the same room as 
sewage, and treating both at reduced expense. This possibility appar- 
ently will depend upon the temperament of the two patients; garbage 
may have such an irritating and overbearing influence on his cousin as 
to complicate and increase the expense of treatment, either of each or 
both. 

With these various schools of specialists now prescribing for the 
treatment of sewage, old man public, who pays the bills, may be pardoned 
for thinking, with Omar Khayyam: ‘‘ Myself when young did eagerly fre- 
quent doctor and saint, and heard great argument about it and about: 
but evermore came out by the same door as in I went.’’ The less skepti- 
cal laymen, however, will have faith that further research, experience 
and cost records will scon demonstrate the most economical and most 
efficient course of treatment for this ubiquitous municipal patient. 
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New York City, January 16, 1934 

























The Sixth Annual Meeting of the New York State Sewage Works 
Association was held at the Hotel McAlpin, New York City, on January 
16, 1934. The attendance of 198 at the meeting was the largest ever 
recorded in the history of the association. At the business meeting 
Morris M. Cohn (Schenectady), Linn H. Enslow (New York) and 
Henry W. Taylor (New York) were elected to the Executive Com- 
mittee in place of W. P. Gyatt, Carl L. Howell and Earle B. Phelps, 
whose terms of office expired. Edmund B. Besselievre of New York was 
elected president, and Morris M. Cohn of Schenectady, vice-president. 
A. 8. Bedell, State Department of Health, Albany, was reappointed 
secretary-treasurer. 

Following the business session Professor Earle B. Phelps presented 
a very interesting preliminary report on an ‘‘Investigation of Pollution 
of the Hudson River,’’ which was briefly discussed by George A. Soper, 
George W. Fuller and Richard A. Gould. Dr. A. J. Fischer of The Dorr 
Company presented an excellent paper on ‘‘ Digester Overflow Liquor— 
Its Character and Effect on Plant Operation,’’? which was discussed by 
Weston Gavett and C. C. Agar. In the absence of C. E. Keefer, engi- 
neer in charge of sewage treatment, Baltimore, Md., Mr. Hedgepeth read 
Mr. Keefer’s very timely paper on ‘‘The Results of Circulating Sludge 
vs. No Circulation in Separate Digestion Tanks,’’ based on experiences 
at Baltimore. This paper was discussed by A. J. Fischer, W. Rudolfs 
and Henry W. Taylor. 

President Anselmo F. Dappert presided at the luncheon and_pre- 
sented the Kenneth Allen Memorial Award for 1933 to Lawrence I. 
Luther of Freeport for the most meritorious paper of a technical and 
research nature presented during the year, and to Morris M. Cohn of 
Schenectady for the most meritorious report on the operation of sewage 
treatment works presented during the year. Harrison P. Eddy, presi- 
dent-elect of the A. S. C. E., was the principal speaker, using as his 


99 


theme ‘‘ Developments in Sewerage and Sewage Treatment During 1935. 
President Dappert then introduced Arthur 8S. Tuttle, State PWA Engi- 
neer, New York City, who gave an informal talk on the ‘‘ Present 
330 
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Aspects of Federal Aid to Sewerage’’ and answered numerous questions 
presented by those present. 

At the afternoon session Major G. H. Gleason, Direetor of Research 
with the Guggenheim Brothers, New York City, gave a paper on ‘‘Re- 
sults from Six Months of Operation of a Chemical Precipitation Dem- 
onstration Plant at Chicago,’’ the discussion on which was opened by 
Wellington Donaldson and Alexander Potter, followed by a written 
discussion prepared by Langdon Pearse. This paper provoked consid- 
erable discussion and proved of great interest to all. Andrew N. 
Holmstrom of The Norton Company, Worcester, Mass., gave a well 
illustrated paper on ‘‘The Selection and Utility of Porous Diffuser Plates 
and Holders,’’ which was discussed by F. C. Roe of the Carborundum 
Company. Professor Thorndike Saville of New York University gave 
a brief paper on ‘‘The ‘Why’ and ‘How’ of Sewage Research in New 
York State,’’ referring particularly to the proposed work of the Com- 
mittee on Sewage Research recently established by the Association. 

In the evening, the members and guests of the Association joined the 
Sanitary Engineering Division of the American Society of Civil Engi- 
neers in the annual dinner of the latter. This pleasant custom, started 
two years ago, has become a permanent feature of the annual meeting. 
Professor Charles G. Hyde of Berkeley, California, presided as toast- 
master and introduced the speaker of the evening, Abel Wolman, State 
PWA Engineer and Chief Engineer of the State Board of Health of 
Maryland. Mr. Wolman in his usual delightful way spoke of his ex- 
periences in connection with the PWA and CWA projects in Maryland. 

A post-convention trip was made to the Rockville Center sewage 
treatment plant, where a recent full scale installation has been made for 
the vacuum filtration of sewage and sewage effluent with additional 
facilities for dewatering sludge and waste cake prior to incineration. 

The next meeting of the association will be held in Jamestown, prob- 
ably on June 15 and 16, 1934. 

During the afternoon session on Tuesday, the association unanimously 
adopted the following resolution : 

‘“Whereas, the successful operation of sewage treatment plants and 
their service to our communities depend upon efficient supervision, and 

‘‘Whereas, uninterrupted tenure of office of competent and experi- 
enced operators is highly necessary to accomplish this end, 

‘‘Now, therefore, be it resolved: that it is the sense of the N. Y. S. S. 
W. A. in annual meeting assembled that the Public Health Law be 
amended to more adequately secure these results through enlargement of 
the funetions of the Public Health Council to include the fixing of 
qualifications of plant operators, or by any other means. 
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‘*Be it further resolved, that the New York State Commissione: 
Health be requested to use any means at his command to secure thiese 






results.’ 





A. 8. BEDELL, 
Secretary-Treasurer 








SCHOOL HELD FOR SEWAGE WORKS OPERATORS IN 
WISCONSIN 


The second annual school for sewage treatment plant operators was 
held in Madison, Wisconsin, during the period January 8-13, 1934, with 
twenty operators in attendance. This school has as its objective to 






























acquaint the operators with the fundamentals of sewage treatment and 
to provide instruction in the methods for making control tests. The 
school was sponsored jointly by the Wisconsin League of Municipalities, 
State Laboratory of Hygiene, the Bureau of Sanitary Engineering of the 
State Board of Health, and the Hydraulie and Sanitary Engineering 
Department, University of Wisconsin. Those attending the course were, 
for the most part, operators of small municipal sewage treatment plants. 
The course outlined was accordingly presented in such manner as to 
provide maximum information of practical value in securing efficient 
operation of small plants. In addition to regular personnel of above 
mentioned state agencies the teaching staff included Mr. Walter Sperry, 
Aurora, Illinois; Mr. C. O. Bruden and Dr. B. Domogalla, Madison ; and 
Mr. Oscar Ward, Marshfield. The school was conducted in the Hy- 
draulie and Sanitary Engineering Laboratory at the University of 
Wisconsin and consisted essentially of lectures and discussions of various 
plant operating problems in the mornings, followed by illustrations in 
laboratory work in the afternoon sessions. 
The subjects covered by the course were as follows: 

1. General Theory of Sewage Treatment, 

By L. H. Kessler, Asst. Prof. Hyd. and San. Engr., U. of Wis. 
2. The Necessity of Sewage Treatment, 

By L. F. Warrick, State Sanitary Engineer, Wis. State Board of 

Health. 

3. Laboratory Service in Sewage Treatment, 

By Dr. M. Starr Nichols, Chief Chemist, State Lab. of Hygiene. 
4. Source and Method of Disposing of Industrial Waste, 

By J. M. Holderby, Asst. San. Engr., Wis. State Board of Health. 
5. Edueating the Public to Sewage Treatment, 

By W. Sperry, Supt., Sewage Treatment Plant, Aurora, II. 
6. Measurement of Sewage, 
By F. M. Dawson, Prof. of Hyd. and San. Engr., U. of Wis. 
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Sludge Digestion Problems, 
By E. J. Beatty, Asst. San. Engr., Wis. State Board of Health. 
8. How a Sewage Plant Operator Looks at His Job, 
By O. Ward, Sewage Plant Operator, Marshfield. 
9. New Methods of Sewage Treatment, 
By O. J. Muegge, Asst. San. Engr., Wis. State Board of Health. 
10. Sewage Sludge as a Fertilizer, 
By Dr. B. Domogalla, City Bio-Chemist, Madison. 
11. The Use of Chlorine in Sewage Treatment, 
By C. O. Bruden. 
12. Sewage Gas, Its Collection and Use, 
By O. J. Muegge, Asst. San. Engr., Wis. State Board of Health. 
13. The Stream as a Measure of Sewage Plant Efficiency, 
By H. Ruf, Instr. Hyd. and San. Eng., Univ. of Wisconsin. 
14. Daily Care of a Sewage Plant, 
By E. J. Beatty, Asst. San. Engr., Wis. State Board of Health. 


The laboratory work was performed under the direction of Harold 
Ruf, J. M. Holderby, and E. J. Beatty. Certificates of accomplishment 
were issued to the operators at a dinner held at the conclusion of the 
course. Speakers at the dinner session included Prof. F. E. Turneaure, 
Dean of the College of Engineering, Dr. C. A. Harper, State Health 
Officer, A. L. Kurtz, Asst. Federal-State Engineer for the P.W.A., F. N. 
MacMillin, Executive Secretary of the Wisconsin League of Municipali- 
ties, W. G. Kirchoffer, Consulting Engineer, Prof. F. M. Dawson, and 
L. kf. Warrick, State Sanitary Engineer. The school coneluded with an 
inspection trip to local sewage treatment plants conducted by John 
Mackin, Superintendent of Sewage Treatment for the Madison Metro- 
politan Sewerage Commission. It is anticipated that the school will be 
continued on an annual basis to assist in improving the status of sewage 
treatment plant operation in Wisconsin. 


Sewage Division, Texas Section, S. W. W. A. 


President: George J. Rohan, Waco. 

First Vice-President: Walter F. Hicks, Paris. 
Second Vice-President: Roy Duckett, Sweetwater. 
Third Vice-President: J. Li. Horner, Henderson. 
Fourth Vice-President: Frank M. Murphy, El Paso. 
Secretary: V. M. Ehlers, Austin. 

Assistant Secretary-Treasurer: Pearl Knape, Austin. 
Kditor: Tom C. Green, Austin. 
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THE NEW ENGLAND SEWAGE WORKS ASSOCIATION 


NOTICE OF MEETING 


The next meeting of the New England Sewage Works Association is 


to be held at the Pickwick Arms Hotel, Greenwich, Connecticut, April 
30, 1934. 

















Book Review 


Sewage Disposal in Germany. By Dr.-Ing. E. h. J. Brix, Dr.-Ing. 
EK. h. Karl Imhoff and Prof. Dr. R. Weldert. Published by Gustav 
Fischer, Jena. 1934. In Two Volumes. Price, Paper Covers 138 
Marks, Bound 144 Marks. 

Superlative adjectives are needed to do justice to this monumental 
work. The first volume contains 972 pages and 298 illustrations, the 
second 600 pages and 406 illustrations. These weighty tomes (about 
eight pounds) contain information of great value, collected by laborious 
effort on the part of the distinguished authors. The data are authorita- 
tive and quite up-to-date. It is unfortunate that the price is so high 
(about $57 at the present exchange) that few Americans can afford to 
own a set of the books. The excessive cost will probably limit the cireu 
lation in the United States. 

The first volume contains detailed description of sewerage systems 
and sewage treatment works of approximately 1600 cities and towns in 
Germany. Towns of less than 10,000 receive usually approximately 500 
words, while Berlin rates 42 pages, Frankfurt-on-Main 21, Cologne 19, 
Leipzig 17, Munich 16 and Dusseldorf 16. 

The descriptions for the larger cities are usually complete enough to 
vive a comprehensive picture of the sewerage system and treatment 
works, although results of operation are not given, neither is there any 
detailed deseription of sludge disposal. Costs of operation of the treat- 
ment works are frequently presented. Plans of treatment works oc- 
casionally accompany the text. Experimental work is described and 
future extensions outlined. 

The second volume is a comprehensive review of the general prin- 
ciples of sewer design and sewage treatment plant operation. The latter 
is divided into chapters dealing with screens, settling tanks, chemical 
treatment ineluding chlorination, biological filters, activated sludge, land 
disposal, stream pollution, sewage and sludge examination, sanitary dis- 
tricts, water consumption and tabulation of types and sizes of sewage 
treatment works in Germany. This second volume is quite readable and 
not of the eneyclopedie type of the first volume. 

The names of authors of the second volume familiar to American 
readers are Imhoff, Weldert, Sierp, Fries, Mahr and Helbing (deceased). 
Dr. Sierp has an excellent chapter of 58 pages on the activated sludge 
process. This chapter, as well as others, is a thorough exposition of the 
development of the process in Germany, but the references to American 
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and English plants are sometimes inaccurate and often confused. For 
example on two pages (319 and 320) the Tenafly plant is referred to as 
the ‘‘Texas, New Jersey’’ plant; Withington is spelled ‘‘Pittington’ 

the selling price of activated sludge per ton at Milwaukee and Pasadena 
is given as 25 and 30 pounds sterling instead of dollars (and even in 
dollars now much lower). The air consumption at the Chicago North 
Side activated sludge plant is reported as 9 air to 1 sewage (1.2 eu. ft. 
per gallon) whereas it is actually only one-third this amount. It is un- 
fortunate that the sections dealing with American and English work 
were not referred to American or English engineers to be checked. Not 
withstanding these minor inaccuracies the chapter on activated sludge is 
quite stimulating and interesting. 

A short chapter on chemical precipitation describes the various proc- 
esses that have waxed and waned in Germany, comprising the use of 
various precipitants. <A bibliography of 63 references is of especial 
value. 

Dr. Imhoff in two pages reviews the present status of sewage treat- 
ment and predicts further development of separate digestion, location of 
treatment plants within city areas, but with sludge-drying beds at a 
distance, use of sewage farms (as at Berlin) for small and average sized 
cities, and activated sludge for large cities. Trickling filters appear to 
be waning in popularity. 

Dr. Weldert contributes an interesting chapter on stream pollution. 

The final section of Volume IT is a tabulation of the water consump- 
tion in 948 German cities. 

Other features include a chapter on costs of construction and opera- 
tion of German sewage treatment works; an inadequate chapter on in- 
dustrial wastes; full descriptions of the Ruhr, Emscher and other sewage 
disposal districts ; a complete and valuable dissertation on sedimentation 
and sludge disposal by Dr. Fries; and a long and very general chapter 
on streams and utilization of water. 

The contents of Volume IT are of universal interest, as contrasted 
with the more specifically German interest in the contents of Volume I. 
It would be a valuable contribution to the international literature on 
sewage treatment if Volume II could be published separately and in a 
cheaper edition. In the reviewer’s opinion, this would lead to a far 
greater distribution of this excellent and valuable treatise. 

F. W. MoHuMaAn. 
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Reviews and Abstracts 





H. W. STREETER 


ADDITIONAL SETTLING TANKS FOR THE TAFEL- 
WERDER PLANT IN HALLE 


3Y Dr.-ING. HEILMANN AND DR.-ING. MULLER 
Gesundh. Ing. 56, 571 (1933) 


Because of the extreme pollution of the Saale River the Halle treat- 
ment plant was enlarged during 1932 and 1933. The original plant 
consists of 24 Imhoff tanks, each about 26 feet in diameter. Three tanks 
are connected in a group with a common settling tank which has a 
capacity of 47,300 cubic feet, a length of about 78 feet, width of about 
16.5 feet and an average depth of 4.6 feet. The sludge slots in each 
settling tank have a total length of about 1260 feet (one foot for each 
37.5 cubie feet of settling tank capacity). This proportion is very large 
and the sewage, as it passes through the tank, is contaminated by sludge 
liquor. The gas chamber under the collector is very small, only 8470 
cubie feet. The sludge digestion rooms of the Imhoff tanks have a total 
capacity of 191,300 cubie feet measured below the slots. Since this has 
not been sufficient for some years, two additional secondary digestion 
tanks, equipped for heating and with a total capacity of 83,000 cubie 
feet, were erected in 1929 and 193 

The settling tanks were enlarged because of an increase in the amount 
of sewage. The average amount of sewage from an included population 
of 190,000 in 1930 was 11 ecubie feet per second and the largest hourly 
flow was 15.5 eubie feet per second. This is equivalent to 37.5 gallons 
per capita per day. 

The new settling tanks were designed to serve a population of 240,000 
and to provide a detention period of 1.5 hours for a sewage flow of 39 
gallons per capita per day. The settling capacity necessary was esti- 
mated at 114,300 cubie feet. The old settling tanks had a capacity of 
47,300 eubie feet and the new ones must provide 67,000 cubie feet. As 
the digestion capacity of the old plant together with the new secondary 
digestion tanks seemed adequate, there was no occasion to provide more 
digestion space. New separate digestion tanks may be added later. 
Imhoff tanks with small digestion capacity were chosen because of 
simplicity of operation. 

Each of the four new settling tanks has a gas collection apparatus, 
two settling chambers and a sludge room. The settling chambers, which 
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are connected to the sludge tanks by slots, are about 82 feet long, 13 feet 
wide and on an average 7.5 feet deep. The total length of the sludge 
slot is 656 feet which amounts to 102 cubie feet of digestion room capacity 
per foot of slot as compared with 37.5 cubie feet in the old plant. This 
new proportion of slot to tank capacity is satisfactory. 

The sludge digestion capacity is only 28,240 cubie feet and with a 
daily sludge collection of 3500 to 5250 eubie feet only a few days’ sludge 
can be accumulated. The sludge digestion room is divided longitudi- 
nally into three hoppers of different size, the one at the influent end of 
the settling tank being larger because most of the sludge is collected 
there. 

The direction of flow through the settling tanks is not reversible. 
The effluent weirs are adjustable so that the load on any tank can be 
regulated at any time. Scum is collected with the aid of floating baffles 
and forced by hand over a fixed weir into a sludge channel. The sludge 
from the new plant passes through an underground pipe to the pump 
sump of the old Imhoff tanks and is pumped from there to the separate 
digestion tanks. 

Construction of the new plant was begun in June, 1932, and com- 
pleted in May, 1933, at a cost of about $46,250. The project was carried 
on as emergency work on a 40-hour-a-week basis and using as many 
workers as possible. 

In starting the new plant, ripe sludge was first placed in the diges- 
tion tanks, the tanks were filled and allowed to stand quiet for several 
days and then placed in full operation. The amount of settleable solids 
removed increased from 89 to 99 per cent. In the effluent the settleable 
solids do not exceed 0.2 ¢.c. per liter. Sludge is withdrawn from the 
digestion tank every two or three days. 

G. P. Epwarps 


THE COMPOSITION OF LEIPZIG SEWAGE 
By Dr. K. VIEHL 
Gesundh. Ing. 56, 283 (1933) 


A population of 650,000 is contributory to the main sewage treat- 
ment plant of Leipzig. Because of the economic depression there now 
is an average dry weather sewage flow of only 26,400,000 gallons per 
day or about 40 gallons per capita per day. The sewage from the 
sewerage system, a combined one, tends to be septic because of the nu- 
merous domestic privies which still exist. Of the 29,000 buildings in 
the city only 5,000 discharge directly into the sewers, 8,500 have overflow 
pits from which a partially digested liquor is discharged to the sewer 
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and ithe remainder have dry closets from which the solids must be with- 
drawn. Only about one-sixth of the feces goes to the treatment plant. 
Industrial wastes, which average about 20 per cent, are received from 
such industries as slaughter houses, wool combing, yeast, gas, fur 
dressing and dye plants. The water from some of these is partially puri- 
fied before being discharged into the sewer. 

In 1931 the drinking water consumption amounted to 28 gallons per 
capita per day. The difference between that amount and the 40 gallons 
per capita per day is explained by ground water seepage, water from 
two brooks and by the fact that some factories have their own wells. 

The investigation was carried on for a year beginning in the fall of 
1931. Samples were collected only during dry weather every two 
hours out of the twenty-four, after the sewage had passed the Dorr grit 
chambers and the coarse screen (bars about 0.6 inch apart) and were 
analysed as quickly as possible after collection. In case the samples had 
to stand more than eight hours before analysis they were preserved 
with 7 «ec. per liter of 20 per cent neutralized phenol solution. This 
preservative was more satisfactory than chloroform or sulphurie acid. 
The sewage was passed through filter paper before making the deter- 
minations of permanganate consumed, chlorine number, dissolved solids 
and nitrogen. The B.O.D. was determined on the settled sewage and 
phosphorie acid, fat and iron were determined on a well-shaken raw 
sewage. 

The most concentrated sewage was obtained at the time of heaviest 
flow. During dry weather about ten times as much organic matter was 
received at 12 o’clock, noon, as at 6 a.m., the weakest sewage being 
received between 6 and 8 a.m. The ammonia nitrogen and the chlorine 
number reach a maximum about noon, whereas the permanganate con- 
sumed, organie nitrogen, chlorides and B.O.D. remain fairly constant 
until evening. The settled solids were highest at 4 p.m. From an 
average of 380 samples the permanganate consumed was about 20 per 
cent lower in summer than in winter while the consumption was about 
13.5 per cent higher in the summer. The sewage contained 48 p.p.m. 
potassium (57.8 p.p.m. K,O), 17.5 p.p.m. P,O,, 62 p.p.m. of total nitro- 
ven and 1.25 p.p.m. H.S most of which was combined with iron. It has 
been suggested that the H,S causes bulking of activated sludge by 
killing the protozoa and permitting the sphaerotilus to predominate. 
This does not seem to be true in Leipzig because the activated sludge of 
the experimental plant always contains a good many protozoa of all 
kinds even during bulking. The protozoa tolerate 4 p.p.m. H.S without 
noticeable harm if the sewage sludge mixture is aerated. 

The sewage contains on an average 203 p.p.m. settleable solids, 129 
These values are somewhat too low because heavy 
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sludge particles settle in the bottom of the sewer and consequently the 
following calculations should be based on 220 p.p.m. of solids and 140 
p.p-m. organic matter. From these values 48,400 pounds of dry solids 
with 30,800 pounds of organic matter should be collected each day. 
These figures agree reasonably well with the values obtained during 
operation. This amounts to 33 grams per capita per day of fresh solids 
of which 21 grams are organic matter. Although this value includes 
some industrial waste it is considerably lower than Imhoff’s value of 30 
to 44 grams per day because of the smaller amount of feces. 

It was estimated that 277,400 gallons of 98 per cent excess sludge per 
day would be collected from an activated sludge plant. This sludge 
would contain 46,000 pounds of dry solids of which 33,000 pounds would 
be organic matter or 32 and 23 grams per capita per day, respectively. 
These values would be increased about one seventh if all the feces were 
included. 

A number of laboratory experiments were carried on at 122° to 131° 
F.. to determine the amount of gas to be expected from a full seale diges- 
tion plant. In eight series of experiments carried to the practical limits 
of digestion, 526 ¢.c. of gas were obtained from 1 gram of organic matter 
- contained in the raw sludge. With activated sludge the yields were 
about 33 per cent lower. For every gram of organic matter digested, 
1.2 grams of gas were obtained from 1 gram of raw sludge and 0.8 gram 


of gas from 1 gram of activated sludge. In practice the gas yield is 
usually somewhat lower because of unavoidable small losses and because 


the sludge is not always as well digested. The average, 30,800 pounds 
per day of organic matter in the raw sludge, would yield 226,000 cubic 
feet of gas per day or 0.36 cubic foot per capita per day. Including all 
the feces the 46,200 pounds of organic matter would give 339,000 cubic 
feet of gas per day, corresponding to 0.53 eubie foot per capita per day. 
The activated sludge, with its 37,400 pounds of organie matter including 
all feces, would yield 190,000 cubic feet of gas so that a total of 529,000 
eubie feet or 0.82 cubie foot per capita per day would be obtained. The 
gas obtained from storm water sludge, which is not included, might 
raise this value considerably. 
G. P. Epwarps 


THE DETERMINATION OF MOISTURE IN SETTLED 
SLUDGE 
By Dr. H. BAacu 
Gesundh. Ing. 56, 417 (1933) 


In most laboratories engaged in sewage investigations, moisture in 
settled sludge is determined by difference. A definite amount of wet 
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sludge is weighed and the moisture evaporated on a water bath. After 


a it has been dried to constant weight in an oven, the sludge is weighed 
lids and the moisture of the sample obtained by subtraction from the original 
lav. weight. Loss of the easily oxidizable sludge, which may smolder at 
in 105° C., is prevented by drying in a water-jacketed oven. During 
lids evaporation the water in the inside of the cake can be driven off only 
des by pulverizing the sludge, a procedure which usually results in loss of 
30 material. 

Errors in the moisture determination are particularly noticeable in 
per the diserepancies between the gas yields from digestion of sludge and 
dee the amount of organic matter digested. The weight of the gases ob- 
uld tained is often considerably higher than the weight of the organic 
sly. matter digested, as calculated from the loss on ignition of the dry sub- 
ere stance, again a determination by difference. 

The apparatus suggested first by Hofmann and Marcusson and later 
31° by Schlepfer, for the determination of moisture in liquid and solid fuels, 
e8- seems to be suitable for the direct determination of moisture in sludge. 
uts In this method the last traces of water are removed from the sludge by 
ter distillation with xylol vapor. The cooled distillate is collected in a 
= measuring tube in such a way that the water separates out underneath 
ed, and can be sharply separated from the xylol. The organic matter of ‘ 
— the sludge, volatile with the water or xylol vapor, does not affect the 

“ results since it remains soluble in the xylol. Enough sludge is weighed 
— into a 100 ¢.e. flask so that the amount of water to be collected will not 
ids exceed 12 ¢.¢., 50 ¢.c. of xylol saturated with water are added and the 
pie Hask is attached to the apparatus with a good cork stopper. The flask 
" is heated in a sand bath and the xylol, boiling at 135° C., carries the 
os water vapor with it. The mixed vapor condenses in the measuring tube 
sok and the excess xylol flows back into the sample flask so that it may 
a. redistill and carry new water vapor. When the meniscus in the measur- 
‘he ing tube no longer rises all the water has been driven off from the sludge. 
rht By careful operation 99 to 9914 per cent of the water present in the 


sludge is distilled over into the measuring flask. New apparatus should 
be checked by collecting the water distilled from an artificial sludge, that 
is, a dried sludge to which a definite amount of water is added. 

To determine the volatile matter, another weighed sample is dried 


in a platinum or quartz dish on a water bath and then ashed without 





weighing the dried material. The volatile matter is found by sub- 
tracting the weight of the water and the weight of the ash from the 
weight of the sludge. 


G. P. Epwarps 
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THE PURIFICATION OF WASTES FROM STARCH 
FACTORIES 


By Dr.-ING. W. HUSMANN, Zurich 
Gesundh. Ing. 56, 332 (1933) 


The sewage from a wheat starch plant is distributed by trickling 
channels on to an experimental sprinkling filter which contains 530 
cubic feet of filtering material and is 10 feet high. Since the distribu- 
tion is very poor, it can be assumed that only about two thirds of the 
filter, about 350 cubic feet, was used for biological action. 

In the first series of experiments 1,057 gallons of sewage were fed to 
the filter daily. A secondary settling tank removed the sludge dis- 
charged from the filter. The permanganate demand was reduced 85 
per cent (from 3,076 to 452 p.p.m.) in the sprinkling filter and the pH 
was inereased from 3.3 to 6.1. Although the soluble organic matter was 
decreased from 1,455 to 610 p.p.m. the reduction was not enough to 
maintain a stable effluent for more than three days. When the load on 
the sprinkling filter was reduced to about 800 gallons per day the effluent 
was stable and the pH increased to 8.0. 

The amount of waste in the starch factory is 47,500 gallons each 
working day. If the total amount of waste were treated, a sprinkling 
filter of about 32,000 cubie feet capacity, costing approximately $10,000, 
and a secondary settling tank, costing about $250, would be necessary. 
This total cost of $10,250 could not be borne by most factories. 

To obtain a satisfactory effluent the waste could be treated more in- 
tensively in one filter or in stages. More intensive action can be obtained 
by covering the sprinkling filter with a solid material impermeable to 
air and by drawing sufficient air through it. By this arrangement about 
3.74 gallons of waste could be treated per cubic foot of filtering material 
so that for 47,500 gallons per day a sprinkling filter of 12,700 cubic foot 
capacity would be needed. A supply of 700,000 cubic feet of air per 


day or 111 eubie feet of air per cubic foot of waste should be sufficient 


to produce a satisfactory effluent in all cases. The cost of such a 
sprinkling filter would be about $3,750. 

In stage purification the starch wastes would be treated electrolyti- 
cally in the first stage and on a sprinkling filter as a second stage. In 
the electrolytic treatment the soluble organic matter is decreased about 
67 per cent (from 1,455 to 480 p.p.m.). Although the effluent contains 
a rather large amount of iron (298 p.p.m.) this is not a disadvantage 
because it flocs out with aeration and helps to remove part of the colloidal 
matter. The colloidal sludge resulting from the electrolytic treatment 
must be removed in the secondary settling tank before distribution on the 
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sprinkling filter. An aerated sprinkling filter can handle about 15 gal- 
lons of this electrolytic effluent per cubic foot of filtering material. In 
order to treat 47,500 gallons of waste, a sprinkling filter 3,177 cubie feet 
in capacity and costing about $900 would be needed. 

It is estimated that the first cost for treatment of the 47,500 gallons 
of waste would be about $4,000 for the intensive treatment and about 
$1,850 for the stage treatment. The annual operating cost for the in- 
tensive treatment would be about $500 and for the stage process about 
$625. 

Both of these methods are useful in the treatment of other wastes 
with a high organic content such as those from distilleries, wine presses, 
and sugar factories. 

G. P. EpwaArps 


FIVE YEARS’ OPERATION OF THE MILWAUKEE ACTI- 
VATED SLUDGE PLANT 


ANON, 
Public Works, 46, 10-11 (Nov., 1933) 


This article is based upon a paper by Darwin W. Townsend, formerly 
Principal Assistant Engineer, now Consulting Engineer, Milwaukee 
Sewerage Commission. It covers the period from January 1, 1928, to 
January 1, 1933. 

The activated sludge plant consists of 24 reverse-flow, ridge-and-fur- 
row aeration tanks and 15 sedimentation tanks with Dorr and Tow-Bro 
sludge removal mechanism. Before entering the plant, the sewage is 
screened and passed through a grit chamber. Oliver 12 < 14 ft. con- 
tinuous vacuum filters partly dewater the excess sludge, which is dried 
in modified Atlas type direct-indirect rotary dryers. The processed 
sludge is sold for fertilizer under the name Milorganite. The screenings 
and grit are incinerated. 

With the exception of three temporary suspensions totaling five days, 


the plant was in continuous operation during the five year period. The 
The sewage was very uniform in 


average sewage flow was 80.48 m.g.d. 
character and strength. The average B.O.D. of the sewage was 270 
p.p.m. The nitrogen content averaged 40.6 p.p.m. The monthly tem- 
peratures varied from 49° F. to 71° F. The pH of the sewage averaged 
7.16 in 1928-1930, and 7.4 in 1931-1932. 

Aeration.—The average period of aeration was 5.34 hours in the 
tanks and 1.26 hours in the various supply channels. The tanks re- 
ceived 1.22 eu. ft. of air per gallon and the channels 0.28 cu. ft. Enough 
sludge was returned to the tanks to maintain a mixed liquor suspended 
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solids content of approximately 3,000 p.p.m. The effluent showed 
reduction of 97.5 per cent of the initial bacteria, 93.5 per cent of s 
pended matters and 95.4 per cent of B.O.D. Of the 24 tanks, an aver 
age of 22.5 tanks were in continuous service. 

Sedimentation.—The average detention period of the sludge in ti 
sedimentation tanks was 2.3 hours. The suspended solids content of thie 
sludge averaged 1.06 per cent in the vears 1928-1930; 1.23 per cent in 
1931; and 1.37 per cent in 1932. Plant extensions are being designed 
on the basis of 1.5 per cent suspended solids with 2.0 hours detention. 
The tanks functioned at an average rate of 1,080 gallons per square 
foot per 24 hours of mixed liquor, or 812 gallons of raw sewage. The 
effluents contained 0.8 p.p.m. of nitrite, 2.28 p.p.m. of nitrate and 18.4 
p.p-m. of suspended solids. 

Sludge Disposal.—During the five vear period, 162,800 tons of fer- 
tilizer were produced. The optimum pH for maximum filtration rates 
was determined each day prior to filtration. The optimum pH. values 
averaged 3.87. Both sulphuric acid and ferrie chloride were used until 
the end of 1931; since that time only ferric chloride has been used. The 
average dosage of ferric chloride is about 144 pounds per million gallons 
of sewage. The moisture content of the sludge was reduced from 98.63 
per cent to 83.6 per cent by the vacuum filters and further reduced to 
3.83 per cent by the driers. Each square foot of filter averaged 158.5 
pounds of dewatered sludge cake per 24 hours and each dryer produced 
an average of 17.5 tons of fertilizer per day. 

Incineration of Screenings and Grit.—The moisture content of the 
coarse sereenings is reduced from 88 to 72 per cent, and the fine screen- 
ings to 77 per cent in Tolhurst horizontal centrifugal machines. The 
material is then burned in 20-ton oil-fired Morse-Boulger refractory arch 
type incinerator units. 

General.—Aceelerated rates of sludge settling and solids econeentra- 
tion have occurred at times, notably during the summer of 1932. Micro- 
scopic examination of the activated sludge floc revealed the presence of 
abnormally large numbers of filamentous growths among the other and 
usual microorganisms present. The same conditions were noted in June, 
1933. During the year 1930 the sewage flow was somewhat less in 


quantity but the sewage was stronger and the pH lower. This sewage 
was generally more resistant to treatment than the other sewages, 
though the removal percentages of suspended solids, bacteria and B.O.D. 


were somewhat higher than during the other four years. 

Operation and Maintenance Costs.—The revenue from Milorganite 
decreased from $19.92 per million gallons of sewage in 1929 to $10.17 in 
1932. The profit in 1929 was $1.68 a ton; in 1930, the loss was $2.72 a 
ton: in 1931, the loss was $5.92 a ton; and in 1932, the loss was $6.90 a 
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ton. ‘The average annual cost, less the Milorganite revenue, of operating 
and maintaining the treatment plant, intercepting sewer systems, sewage 
pumping station, ete., but not including capital charges on the invest- 
ment, was $14.78 per million gallons of sewage in 1929, $15.62 in 1930, 
$20.14 in 1931 and $22.93 in 1932. The cost of compressing one million 
eu. ft. of free air to 9 lbs. per sq. in. was $3.59. This makes the cost of 
air about $5.40 per million gallons of sewage treated. 
P. D. McNAMEE 


OSAKA, JAPAN’S GREAT INDUSTRIAL CENTER, INCLUDES 
MODERN SEWAGE DISPOSAL IN VAST 
DEVELOPMENT PROGRAM 


By I. W. MENDELSSOHN 


Public Works, 64, 18-19 (Nov., 1933) 


Osaka, situated in the southwestern part of the main island, has a 
population of 2,453,569. In 1925 an activated sludge experimental 
plant, consisting of a grit chamber, preliminary settling tank, ridge- 


and-furrow type of aeration tank, two sludge settling tanks and one 
re-aeration tank, was completed. The plant is situated in the west 
central part of Osaka and treats a dry weather flow of 1,280,000 gallons. 
Tests on this plant were made for the period 1925-1928. As a result 
of the findings, the City Planning Board of Osaka decided on a plan 
of sewage treatment which was approved by the Imperial Government 
on May 29, 1928. According to this plan, the city is divided into five 
separate sanitary districts, each with its own pumping stations and 
sewage treatment plant. It is expected that by 1935 the two central 
area plants will be in operation. The remaining plants will be installed 
as finds become available. 

One of the central area plants is located on the Kizu River in the 
south central part of Osaka. It will have a eapacity of 37.2 m.g.d. 
and will have an area of 14.5 acres. The plant will consist of two grit 
chambers, two preliminary settling tanks 90’ « 90’ * 13’, six double 
around-the-end type spiral flow aeration tanks, three secondary settling 
tanks 110’ & 100’ & 13’, and two sludge tanks 64’ in diameter by 12.5’. 
The grit chambers will have bar screens and mechanical scrapers. The 
air will be supplied to the aeration tanks through porous plates at 
a pressure of 7.1 pounds per square inch. The detention period in the 
aeration tanks will be 514 hours and sludge of 98 per cent moisture 
equal in volume to 20 per cent of the sewage flow will be returned. 
The effluent will pass to the Kizu River. 

The other activated sludge plant under construction for the central 
area of Osaka is located in the northwestern part of the city on the 
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Shinyodo River. It will serve a population of 451,000 in an area of 
3.9 square miles. The plant will consist of two grit chambers, four 
pumps for dry weather flow and five for wet weather flow, two prelini- 
nary settling tanks 70’ X 70’ X 12’, six aeration tanks 608’ X 16.4’ X 10’, 
four secondary settling tanks 73.3’ < 73.3’ & 12’, and two sludge stor- 
age tanks 49.2’ in diameter by 12.5’. The daily production of sludge 
of 96 per cent moisture content is estimated at 116,500 gallons. The 
sludge will be barged to low areas, used for fertilizer or dumped at sea. 


P. D. McNAMEE 


CLEANING ACTIVATED SLUDGE AIR DIFFUSERS 
(From article by W. L. Howe) 
Public Works, 64, 12, 24 (Dee., 1933) 


The life of porous diffuser plates and tubes used in aerating sewage 
would be almost limitless except for clogging, which necessitates clean- 
ing or discarding them at intervals. 

Porous plates are clogged from both sides; on the under side with 
soot, oil and pipe seale and on the top with ferrie hydroxide, lime and 
organic matter. Tubes may be found clogged by grease, soap, fibrous 
waste and organic matter. The deposit always penetrates into the 
plate, frequently 14 inch or more, depending on the porosity. 

Serubbing the surface with dilute hydrochloric acid only partially 
restores permeability. One city tried using a blow torch, which caused 
flaking off of the quartz surface layer of the plate. Plates made of 
aluminum grains do not flake in this way, though either kind may be 
eracked by non-uniform heating. Sand blasting with alundum grains 
has been partly successful if the plates were dried first. 

It seems probable that permeability can be completely restored if 
the plates or tubes can be removed. The treatment recommended is: 
(1) soak in 33 per cent HCl for 3 to 4 hours; (2) wash; (3) fire to about 
1000° C. The firing requires a furnace such that no flame impinges on 
plate or tube. Firing is continued for 12 to 16 hours. On three typical 
lots of plates treated in this manner, the following results were obtained: 


Permeability Values (cu. ft.) 


B 


As received PES ve € | 5.5 
Ttchs Gaj/AP "0 Et) x 10.5 
Firing at 1000° C...... 33 14.4 
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The final permeability values were within 2 cu. ft. of the original 


before use. 

It is reported that at one treatment plant nitric acid is being used 
and at another, 15 per cent solutions of caustic soda, in which tubes 
are boiled, restoring them to about 70 per cent of their original permea- 
bility. 

Porous tubes can be readily removed and replaced, but plates are 
usually grouted and are difficult to remove. Designs of plate holders 
have been considered recently permitting ready removal of the plate 
for cleaning. 

H. W. STREETER 


CHLORINE FOR SMALL SEWERS 
By B. G. S. RoBIns 
Public Works, 65, 38-39 (Jan., 1984) 


The paper describes a test of chlorinating a small sewer at Webster 
Groves, Mo., for minimizing obnoxious odors. 

Laboratory tests indicated that chlorine in a 12 per cent sodium 
hypochlorite solution, added at the rate of 35 p.p.m., eliminated the 
odor. The solution was added from 5 gallon glass carboys fitted with 
two-hole rubber stoppers. Through one hole was inserted a %¢ inch 
glass tube extending to within 4, inch of the bottom. This acted as an 
air vent. Through the other a short glass tube was inserted, extending 
3 inches above the stopper, and connected by 4 inch rubber tubing to 
the desired point of application. The carboy was then inverted and 
rested on a wooden crate at a 60° angle. A pinch cock applied to the 
rubber tubing regulated the flow (2 drops per second gave a flow of % 
gallon per hour). 

With the apparatus described, hypochlorite solutions were added at 
the outlet of small sewers, with a chlorine dosage of about 9 p.p.m. which 
was found by trial to be effective. By draining a small stream bed and 
eliminating pools, the required dosage was cut to 5 p.p.m. 

Where the flow of sewage is sufficient to permit addition of the dry 
powder, the addition of hypochlorite can be facilitated by using a dry- 
feed machine. For larger volumes, use of compressed chlorine, with 
regulating equipment, would be the most economical. 

H. W. STREETER 
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PLANNING AND FINANCING SEWAGE TREATMENT IN 
BIRMINGHAM (ALABAMA) 


ANON. 
Public Works, 65, 2, 15-17 (February, 1934) 


Although the recently completed Ensley sewage treatment plant at 
Birmingham, Ala., has aroused much interest because of its low per 
capita cost (about $1.35) and correspondingly low operating cost, it is 
but one unit in a larger plan which includes construction, operation 
and financing of six related projects designed to give adequate treat- 
ment of the sewage of Birmingham and its suburbs, now exceeding 
36 m.g.d. The population of this district is now 362,000 and these 
projects are designed for a population of 500,000 in 1947, at a total cost 
of $600,000. 

Of particular interest is the Shades Valley plant, designed for chem- 
ical treatment to provide extreme flexibility in the degree of purifica- 
tion. This plant consists of a sewage meter, flash mixer, slow mixer or 
floceulator, 2 settling tanks, 2 digesters, 5 sludge drying beds and a 
main building housing the screen, chlorine and chemical dosing appa- 
ratus, pumps, laboratory and other facilities. It provides for six dif- 
ferent combinations of treatment, ranging from plain sedimentation 
with or without chlorination to settling, coagulation with chlorinated 


copperas and free chlorine, flocculation and final sedimentation. Ad- 


mixture of chemical sludge is also provided in the primary settling 
tank. An anthracite filter is planned to operate at 4 gals. per square 
foot per minute to remove the fine floc not removed by the secondary 
clarifier. Sludge from the plant will be digested in two stages, first in 
a heated tank and then in an unheated tank with floating cover. The 
construction cost of this plant, designed to treat 2 m.g.d. of sewage, is 
$85,000. 
H. W. STREETER 


ASSESSING DAMAGES FOR SEWAGE POLLUTION OF 
RIVERS 


ANON. 
Public Works 65, 2, 40 (February, 1934) 


A law embodying a novel idea went into effect in Massachusetts last 
October, as affecting sewage pollution of rivers by cities. 

To protect oyster consumers, the state department of health is re- 
quired to examine the tidal waters and flats from which shell fish are 
taken. If it finds the pollution makes these areas unsafe, it is unlawful 
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I to take shell fish from such areas unless they are purified by an ap- 
* proved plant before being used. If the shell fish industry warrants it, 
the department may approve construction and operation of a purifica- 
tion plant by the community in which the shell fish area is located and 
assess the cost against the several communities responsible for the pol- 
lution in proportion to their relative shares in causing the pollution. 
t at Presumably a city satisfactorily operating an adequate sewage treat- 
per ment plant would not have to make such payments. 
it is [f this principle holds for the benefit of the shell fish industry, it 
tion would seem logical to apply it to the benefit of cities taking their water 
eat- supplies from polluted streams, requiring all polluters of a stream 
ling above a given city to reimburse such a city for the cost of building and 
nese operating its water purification plant. This would seem to meet the 
cost objections raised by many cities, as for example at Waterloo, Ind.. 
whose Press said recently : ‘So long as Fort Wayne is not going to build 
em- a sewage disposal plant to take care of the waste of that city, there is 
ica- not much reason why Waterloo should do so for the sake of Fort 
“or Wayne’s water plant.’’ 
fa H. W. STREETER 
)Pa- 2 
dif- 
me INCINERATOR AND SEWAGE WORKS COMBINED FOR 
tad CANAJOHARIE 
Ad- 3y H. W. TAYLOR 
ing 
ave Public Works 65, 2, 9 (February, 1934) 
ury Canajoharie, N. Y., applied in September, 1933, for a P.W.A. loan 
m and grant to construct a wastes disposal plant, consisting of an ineinera- 
‘he tor for garbage and refuse and a sewage treatment works including 
1S primary treatment only. By combining the construction and operation 
of the two plants several economies were possible, such as the use of 
i one site and a single operating force, an opportunity for exchange of 
heat values and the convenience of incinerating the dry sludge if de- 
j sired. 
The main building of the plant was designed with the incinerator 
process at one end and the sludge digestion process at the other end, 
with sereening, pumping and other sewage treatment equipment in the 
center. The settling tanks are in the rear of the building and the sludge 
drying beds parallel to the tanks. The first floor of the building con- 
ist tains the incinerator and stoking room, a hallway, the sludge digestion 

tank and motor room for the sewage pumps. The second floor contains 
ad the loading room for the incinerator, central hallway, office and the 
re 


2 upper part of the digestion tank. 
u 
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Pipe coils are to be installed in the last combustion chamber of the 
incinerator and connected to a hot water tank with capacity sufficient 
to supply the sludge tank with hot water for its heating coils for 24 
hours daily, though the incinerator is used for only 8 hours. The 
storage tank will be controlled by thermostatic valves so that while the 


temperature in the hot water tank may rise as high as 200 degrees, the 


circulating water delivered to the sludge tank will be maintained at 125 
degrees. In series with this hot water heating system will be installed 
a hot water heater using coal and a gas-fired heater. On Sundays the 
gas from the sludge tank will be diverted from the incinerator to this 
hot water heater. 

The sewage treatment works consist of settling tanks with two hours 
retention of average flows, and separate sludge digestion. The diges- 
tion tank will be built of steel. It will be equipped with floating cover 
and other accessories. The settling tanks and sludge tank being: lo- 
cated within the building, the operator can divide his time between 
these and the stoking room without leaving the building. Effluent 
piping for the settling tanks will be located at three points—about five 
feet from the outlet end, at the center point and at the quarter point 
near the inlet end. With proper proportioning of the effluent as drawn 
from these three different locations, it is expected that a better effluent 
will be obtained and a higher rate of flow maintained. 

Three gas burners will be installed in three combustion chambers 
of the incinerator and gas from the sludge tank will be utilized to main- 
tain temperatures in these chambers and to assist in complete combus- 
tion of the flue gases. The entire combined plant will be operated with 


a single attendant. 
H. W. STREETER 


THE INSTITUTE OF SEWAGE PURIFICATION 
Proceedings, 1932. 
269 pp. 


These Proceedings were formerly known as ‘‘The Proceedings of 
The incorporation of this group 


, 


Managers of Sewage Disposal Works.’ 
took place in November, 1932, at which time the name was changed. 

As a great many of the papers published in these Proceedings are re- 
printed in The Surveyor from time to time, they have been abstracted 
from the latter publication. The present abstract will list the titles in 
the order in which they appear in the Proceedings, abstracting only 
those which have heretofore not been published. 

Treatment of Ammoniacal Liquor from Gasworks. By J. Slater. 
Abstracted in Tus JouRNAL, 4: 379 (1932). 
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Sludge Digestion as Applied at the Chorley Sewage Works. By 
Slater. Ibid., 4: 377 (1932). 

Gasworks Liquor: Its Composition and Treatment. By <A. Key. 
Ibid., 4: 570 (1982). 

Combined vs. Separate Systems of Sewerage. By A. R. Ward. An 
ideal sewerage system provides for self-cleansing of the sewers at all 
times, so that the sewage reaches the outfall works in a fresh condition. 
With the combined system this ideal is never obtained since the sewers 
must be mueh larger than necessary for dry-weather flow and therefore 


they are flushed only at times of storms. 
Amount of storm water reaching the sewers depends on amount and 
intensity of rainfall, on size of draining area, and on the degree of im- 


permeability of the surface. 

The Ministry of Health requirements for combined sewers are that 
such sewers must be capable of passing 6 times the dry weather flow, 
half of which shall be able to pass in six hours. 

Analyses of samples taken over a considerable period from the storm 
tanks at Stockport showed that they were of a polluting character. 

An argument in favor of separate systems is the reduction of pumping 
charges. 

The Ruhrverband. By Reginal C. Shaw. <Abstracted in Tuts Jour- 
NAL, 4: 572 (1982). 

On the Conversion of a Contact Bed to Rotary Sprinkler Filter. J 
E. B. Birkett. To determine the type of sprinkler to use when convert- 
ing a contact bed into a sprinkling filter, careful consideration must be 
given to the position and levels of the existing feed carriers, the available 
hydrostatic head of the supply, the level of the outfall of the effluent 
and the dimensions of the contact beds to be converted. Also, the ulti- 
mate loss of actual filter area, if any, by the conversion must be con- 
sidered, the initial and maintenance costs of the distributing machine, 
accessories, ete., together with the necessary structural alterations to the 


xv 


existing works and their costs. 

A detailed account of actual work on such a conversion is given. 

Some Notes on ‘The Elevator’’ as Used in Sewage Disposal. By E. 
B. Birkett. A general outline of the machine, discussing in particular 
the carrying chains. An elevator used for lifting the detritus out of 
the detritus tanks consists of a number of buckets spaced at regular 
intervals between two chains. These chains revolve over sprocket wheels 
fixed at the ‘‘head’’ and ‘‘boot’’ of the elevator. Formulae are given 
for the capacity of elevators. 

Sewage Purification. By William E. Kelly. A very general dis- 
cussion. 

River Pollution. By F. H. Heald. The author claims that the local 
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authorities are responsible for abating the pollution of rivers. From an 
angler’s point of view a river which supports fish life is unpolluted. 

Observations and Experiences in the Design and Construction of a 
Sewage Purification Works. By W. H. E. Makepeace. <Abstracted in 
THis JOURNAL, 4: 707 (1932). 

Some Notes on the Treatment of Gas Liquor. By J. Hurley. Ibid. 
4: 709 (1932). 

Some Notes on Suspended Matter as it Occurs in Sewage and Tank 
Effluents. By A. Holroyd. The author has made a laboratory study 
comparing three methods for determining suspended solids, viz., Gooch 


crucible, centrifugal, and a modified Imhoff cone method. The two 
former methods are described in the Ministry of Health Standard Meth- 
ods. It was found that the centrifugal method gave results about 20 
per cent lower than those by the Gooch crucible. In regard to these two 
methods Holroyd states: ‘‘The value of the Centrifuge Test lies in the 
fact that it records only particulate matter present in the liquor at the 
time of the test and removable under the gravitational field produced 
by the machine, but results are likely to fluetuate if the sample stands 
for any length of time, owing to flocculation. 

**The Gooch crucible has the advantage of giving a more consistent 
result as it retains every thing that could possibly be considered sus- 
pended matter—and apparently—a little more besides. Its results bear 
little relationship to working conditions.’’ 

The author has modified the Imhoff cone method to give gravimetric 
results. (The method is practically identical with the method proposed 
by Dr. Buswell.) The sample of sewage or tank effluent is allowed to 
settle in the cone for two hours. At the end of this time the volume is 
read and the top liquor carefully decanted from the sludge. The vol- 
ume of liquid remaining is noted and the whole washed into a weighed 
dish, dried at 100° C. and reweighed. The residue thus measured re- 
quires correcting for dissolved solids. The author found it advisable to 
use a constant figure for this, namely, 1000 p.p.m. This constant of 
course, can and should be determined for any particular sewage. 

The method accords very well with actual working conditions and an 
extremely close agreement was obtained between actual measured sludge 
production and calculations of sludge productions based on the averages 
of this test. 

A long discussion follows the paper. 

Sewage Disposal at Todmorden. By J. H. Lumb. <Abstracted in 
Tris JOURNAL, 4: 711 (1932). 

Present Condition of Our Rivers from a Standpoint of Pollution. 
By E. C. Jee. Tbid., 4: 1080 (1932). 

The Settlement of Activated Sludge. By W. Clifford. Tbid., 4: 
906 (1932). 
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The Sewerage and Sewage Disposal of Lytham St. Annes. By G. W. 

Lawson. There are two main outfalls where storage tanks, screens and 
powerful pumps are installed so that the sewage may be delivered at any 
desired state of the tide so that it will be carried directly to the sea. 

Review of the Sewage Disposal Plant (Reigate Works). By A. E. 
Clouds. <A very general description of the destructor for the complete 
hygienic disposal of refuse delivered to the plant. 

Buxton Sewage Disposal Works. By F. Oliver. An interesting fea- 
ture of the plant is that chalybeate water, containing 6 or 7 grains per 
gallon of iron is added to the sewage just ahead of the coarse screens. 
Sewage is conveyed by gravity to the works. The dry weather flow is 
lm.g.d. The plant consists of coarse bar screen, detritus tanks, Simplex 
back-delivery mechanically driven screens, precipitation tanks, rough 
clarifying filters, and percolating filters. Sludge from the precipita. 
tion tanks is pumped to two elevated sludge tanks, from which the water 
is periodically decanted. From this tank, the sludge flows by gravity 
to a mixing tank, where milk of lime is added and the entire mixture 
agitated. The sludge, after liming and mixing, is then filter pressed. 
Average amount of lime used is 10 per cent. Approximately 20 tons of 
pressed sludge is produced per week. 

An average analysis of the sewage for January through July, 1932, 
shows 4-hour oxygen absorbed value of the raw sewage as 50 p.p.m. and 
of the final effluent 7.3; and nitrate nitrogen in the effluent, 9.8 p.p.m. 

Some Disjointed Remarks on Sewage Disposal. By J. H. Garner. 
The author discusses in a general way the important points in the 
treatment of sewage, such as measurement of flow, nature and strength 
of sewage, screening, detritus tanks, dosing chambers, treatment of 
humus sludge, and sludge digestion. 

The Disposal of Activated Sludge. By Arnold Kershaw. Abstraeted 
in THIs JOURNAL, 5: 178 (1933). 

Some Factors in the Development of the Activated Sludge Process. 
By F. R. O’Shaughnessy. A very brief resume of Adeney’s, Stoddart’s, 
Corbett’s, Watson’s, the Iddesleigh Commission’s, Fowler’s and Mum- 
ford’s work. 

Louis Pasteur: His Life and Work. By William T. Lockett. A brief 
resume. 

Control of the Sewage Filter Fly (Psychoda). By W. D. Seouller. 
Abstracted in Trus JourNAL, 5: 185 (1933). 

The Effect of Iron on Sewage Purification. By W. D. Seouller. 
Tbid., 5: 187 (1933). 

Aeration Experiments in a Continuous Laboratory Apparatus. By 
W. D. Scouller and W. Watson. An ingenious apparatus was designed 


so as to study aeration using a continuous flow. The first series of ex- 


periments consisted of treating sewage, which contained textile and 
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chemical wastes, at different rates and each was settled for 114 hours 
after aeration. The time of aeration in the four tests was 5, 625, 19 
and 20 hours. The purification based on the 4-hour oxygen absorbed 
test was 65.5, 67.1, 68.8 and 69.8 per cent, respectively. 

In the seeond series, settled sewage was treated for 4, 8, 16 and 32 
hours. The purification based on oxygen absorbed figures was 53, 60.9, 
66.2 and 64.3 per cent, respectively. The dissolved oxygen taken wp in 
5 days showed that purification was practically complete in 16 hours. 

Ten per cent by volume, after one hour’s settlement of sludge was 
used in all of the experiments. The sludge was dark red in color and 
contained 11 per cent of iron on the dry basis. In the first series this 
was reduced to about 3 per cent and in the second to 2 per cent. 

Actiwated Sludge. A New Process for Partial De-Watering and 
Subsequent Disposal. By H. D. Bell. Abstracted in Tris JourNat, 
5: 174 (1933). 

The Bio-chemical, Bio-physical and Physical Principles Underlying 
the Self-Purification of Crude Sewage Liquors. By W. E. Adeney. 
Abstraected in Tuts JouRNAL, 4: 903 (1932). 

The Bacterial Purification of Gasworks Liquors. The Action of the 
Liquors on the Bacterial Flora of Sewage. By F. C. Happold and 
Arthur Key. It has been common practice to purify the spent liquor 
resulting from the recovery of ammonia from gaswork ammonia liquor 
by mixing this liquor with sewage and allowing the mixture to pereulate 
through bacteria beds. This, of course, is quite satisfactory if there is a 
very great volume of sewage (say 200 times) to the volume of spent 
liquor. Obviously this is not always the ease. It was questionable as 
to whether the removal of phenolic substances was a true biological 
process and this could be shown by correlating the bacteriological find 
ines with the efficiency of working of the beds. 

A study was therefore made of the bacterial flora in sewage supplied 
to, and the effluent from, the bacteria beds whieh deal with the liquors 
produced at the Coventry gasworks. The author has summarized the 
paper as follows: ‘‘ A high count in the effluent from the beds of bacteria 
containing an oxidase system, or a relatively large inerease in the via- 
bility of such organisms when compared with the original sewage, has 
been found to be concurrent with good purification in the beds, and 
vice versa. 

‘*The bacterial flora undergoes considerable modification in the beds, 
and also when mixed with 4 per cent of its volume of spent liquor in the 
laboratory. The total viable cownt of the treated sewage is reduced 
under these conditions, but the count of those bacteria whieh give the 
direct oxidase reaction and therefore catalyse the oxidation of catechol 


is relatively increased. 
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urs ‘*\ gram negative vibrio (strain 0 1) is the only bacterium isolated 
19 which has proved capable of breaking down monohydrie phenols. It has 
hed been constantly isolated from the effluent liquors. 
‘‘Gasworks’ ammonia liquor in the relatively high concentrations 
32 used exerts a markedly toxie action on all types of sewage bacteria, and 
0.9, the purification of this liquor by the beds is not so satisfactory. The 
» in toxicity is probably caused by the highly alkaline reaction of the liquor.’’ 
H. Guapys Swope 
was > 
and 
this CHLORINATION IN SEWAGE DISPOSAL 
The American Public Health Association announces the publication 
and of the Report of its Committee on Sewage Disposal of the Publie Health 
TAL. Engineering Section, presented at the Sixty-Second Annual Meeting in 
Indianapolis, October 10, 1933. 
ing The report on sewage disposal is a detailed review of the use of 
ley, chlorination in sewage treatment, in its various phases. It contains a 
brief resume of the history of chlorination, the methods of application, 
the the theories of chlorination, the effect of chlorination upon raw sewage 
and and various treated sewages. Particular stress is given to a study of the 
uor removal of B.O.D. and effect of chlorinated effluents upon the streams. 
uor The use of chlorination in the control of sewage treatment operations 
late and its effect in reduction of odors is covered, as well as its effect upon 
isa sludge digestion. Its use in connection with large seale projects to 
ent protect bathing beaches and water supplies is also noted. Numerous 
. as up-to-date references are given, with sufficient excerpts to indicate the 
ical results obtained by various authorities, and their conclusions. It should 
ind prove of interest to everyone who is interested in handling sewage and 
will be of value to those more particularly concerned with water supply 
lied as well. 
10rs The report contains 52 pages, is bound in paper covers, and is free to 
the members of the Public Health Engineering Section of the American 
eria Public Health Association. The cost to others is 75 cents per copy and 
via- may be secured from the Association office at 50 West 50th Street, New 
has York, N. Y. 
and 
eds, 
the 
iced 
the 


ehol 









































Barnard, F., Water 
Hall, Phoenix, Ariz. 

Carollo, John, 1602 West Oak, R. F. D. 8, 
Box 576, Phoenix, Ariz. 

William, 1028 
Miami, Ariz. 

Dunn, H. R., 4531 E. 
Colo. 

Hireock, Charles W., Supt., City Water 


Department, Glendale, Ariz. 


Department, City 


Deem, Prospect Avenue, 


19th Ave., Denver, 


Huskison, ©., Engineering Department, 
City Hall, Phoenix, Ariz. 

Johannessen, Walter, City Engineer, City 
Hall, Phoenix, Ariz. 

Johnson, Tom R., Sanitary Engineer, 847 


E. Lee St., Tueson, Ariz. 


Members of Federation and Sub- 
scribers to the Journal 


MEMBERS OF FEDERATION AS OF DECEMBER 31, 1933 


Arizona Sewage Works Association 


Miss Jane H. Rider, Secretary-Treasurer, Box 4694, University Station, Tucson, Ariz, 





Mauzey, P., Plant Operator, City Hall, 
Phoenix, Ariz. 

Marx, George, Sanitary Engineer, 1208 
N. First Ave., Tucson, Ariz. 

Rider, Jane H., Miss, Box 4694, Univer- 
sity Station, Tucson, Ariz. 

Roberts, F. C., Jr., State Sanitary Engi- 
neer, State Bd. of Health, Phoenix, 
Ariz. 

Ryan, T. K., Pima County Health Unit, 

Tueson, Ariz. 


Travaini, Dario, City Engineer’s Office, 


Phoenix, Ariz. 

Underwood, Harold, Engineering Depart- 
ment, City Hall, Phoenix, Ariz. 

Yost, H. W., 1338 W. Roosevelt, Phoenix, 
Ariz. 


California Sewage Works Association 


Mr. BE. A. 


Reinke, Secre tary-T re asurer, 


State Dept. of Public Health, 3093 Life 


Sciences Bldg., Berkeley, Calif. 


Adams, Walter H., Surveyor’s 
Office, 1633 Ard Elven Ave., Glendale, 
Calif. 

Albers, J. C., City 
Geneva St., Glendale, Calif. 

Allen, Wm. A., 
1118 No. 
Calif. 

Arndt, Charles, Dependable Grease Inter- 
ceptor, Mfgr. Plumbing and Heating, 
110 Winston St., Los Angeles, Calif. 

Backus, George S., c/o Oliver United 
Filters, Ine., 417 Madison Street, Oak- 
land, Calif. 

Banks, Harvey O., 801 Middlefield Road, 

Palo Alto, Calif. 


County 


Engineer, 1127 No. 


Sewage Disposal Plant, 


Hudson Ave., Pasadena, 


356 


Banta, A. 
County 


Perry, Engineer, Los Angeles 
Sanitation Dists., 139 N. 
Broadway, Los Angeles, Calif. 
Barnard, Archer E., ¢/o Leeds & 
Standard Oil Bldg., Los 
Angeles, Calif. 

Bates, John §S., Consulting Engineer, 
3134 Eton Ave., Berkeley, Calif. 

Batty, Frederic A., Civil Engineer, 745 
City Hall, Los Angeles, Calif. 

Beale, E. W., Div. Plumbing & Housing, 
City of San Diego, San Diego, Calif. 

Beard, Paul J., Civil Engineering Dept., 
Stanford University, Calif. 

Sedesen, W. E., Shaffer Building, Merced, 
Calif. 


Bar- 


nard, 712 


















Hall, 
12038 
Liver- 


Eugi- 


ENIX, 
Unit, 
)ffice, 
part 


yeNLX, 


Life 
igeles 
: Ne 


Bar- 


Los 
ineer, 
745 


using, 
Calif. 
Dept., 


erced, 








Vol. 6, No. 2 


Bell, Alexander, Wallace & Tiernan Co., 
Ine., 171 Second St., San Francisco, 
Calif. 

Benas, Ben, Sanitary Engineer, City 
Engineer’s Office, City Hall, San Fran- 
cisco, Calif. 

Bennett, S. M., 3004 Petite Court,. Los 
Angeles, Calif. 

Berg, William F., Apt. 5, 447-7th St., 
San Bernardino, Calif. 

Bever, A. C., Wallace & Tiernan Co., Ine., 
171 Second St., San Francisco, Calif. 
Bishop, H. N., City Engineer, Sunnyvale 
& Willow Glen, 1113 Bank of Italy 
Bldg., San Jose, Calif. 

Blood, Chas. R., Asst. City Engineer, 
City Hall, Sacramento, Calif. 
Blumberg, Osear, California Water Serv- 
ice Co., P. O. Box 322, Concord, Calif. 
Bowen, M. R., Engineer, Sewer Depart- 
ment, Whittier, Calif. 
sowlus, Fred D., Los Angeles County 
Sanitation Dists., 614 Franklin St., 
Whittier, Calif. 

Brems, A. E., Asst. Eng., City Engineer- 
ing Dept., 4225 Kansas Street, San 
Diego, Calif. 

Brookman, H. R., U. S. Lime Produets 
Corp., 85 Second St., San Francisco, 
Calif. 

Brown, E. L., Mid-West Incinerator 
Corp., 4242 Van Buren St., Station G, 
Los Angeles, Calif. 

Brown, Robert F., Civil Engineer, Box 
506, Stockton, Calif. 

Buck, J. H., Street Supt., 516 Santa 
Barbara St., Santa Paula, Calif. 

Burt, Austin, City Service Manager for 
City of Ontario, City Hall, Ontario, 
Calif. 

Butler, Merrill, Eng. of Maintenance and 
Operation, City Hall, Los Angeles, 
Calif. 

Byxbee, J. F., City Engineer, Palo Alto, 
Calif. 

Castello, W. O., Supt. of Sewer Dept., 
City Hall, Sacramento, Calif. 

Christensen, M. L., Mrs., Secy. No. Palo 
Sanitary Dist., 117 Pope Street, Palo 
Alto, Calif, 

Clark, Baylis C., Decker-Jewett Bank, 

30x 367, Marysville, Calif. 


MEMBERS OF 








FEDERATION oor 








Clark, John A., Apt. No. 12, 1817 Ox- 
ford St., Berkeley, Calif. 

Clay Products Inst. of Calif., 567 Cham- 
ber of Commerce Bldg., Los Angeles, 
Calif. 

Cole, F. A., 268 So. Plymouth Blvd., Los 
Angeles, Calif. 

Collins, A. Preston, County Surveyor’s 
Office, 400 Klinker Bldg., Los Angeles, 
Calif. 

Compton, C. R., Los Angeles County San. 
Dists., 1230 Lorain Road, San Marino, 
Calif. 

Cook, Lawrence H., Chemist for Menlo 
Park Sanitary Dist., Box 607, Menlo 
Park, Calif. 

Cortelyou, H. P., City Engineer’s Office, 
1755 West 39th St., Los Angeles, Calif. 

Coupal, Roy E., City Bacteriologist, Box 
606, Eureka, Calif. 

Crist, Marion L., 461 S. Le Doux Rd., 
Los Angeles, Calif. 

Daley, Albert C., Chemist, 1191 N. Los 
Robles Ave., Pasadena, Calif. 

Davids, E. M., Gladding, McBean & Com- 
pany, 2901 Los Feliz Blvd., Los 
Angeles, Calif. 

Dawe, Vernon E., Santa Barbara General 
Hospital, Santa Barbara, Calif. 

De Costa, J. D., Sanitary Engineer, East 
Bay Municipal Utility Dist., 512 16th 
Street, Oakland, Calif. 

De Martini, Frank E., State Dept. Publie 
Health, 3093 Life Sciences Bldg., 
Berkeley, Calif. 

Derby, Ray L., Sanitary Engineer, 937 
South Curson Ave., Los Angeles, Calif. 

Donaldson, David, 800 N. Monterey St., 
Alhambra, Calif. 

Dougherty, F. W., Republic Steel Corp., 
601 W. 5th St., Room 915, Los Angeles, 
Calif. 

Duehren, E. T., Water & Sewer Supt., 
521 No. Dittmar St., Oceanside, Calif. 

Eastman, T. F., 981 -Tulare Avenue, 
Berkeley, Calif. 

Ellinger, Morris, Engineer, Lake Arrow- 
head, Calif. 

Elliott, E. R., City Engineer, City Hall, 

Riverside, Calif. 
























































358 


Ellison, C. H., City Engineer of Monte- 


rey Park, 426 So. Spring St., Los 
Angeles, Calif. 
Enslow, L. H., ¢/o Gillette Publishing 


Co., 2615 Graybar Bldg., New York, 
N.Y. 

Fairbanks, Morse & Co., 427 East 3rd St., 
Los Angeles, Calif. 

Farquhar, A. J., 5431 California St., San 
Francisco, Calif. 

Floyd, S. F., 2855 W. 9th St., Los 
Angeles, Calif. 

Foreman, Merle S., Div. of Laboratories, 
State Dept. of Public Health, 30938 
Life Sciences Bldg., Berkeley, Calif. 

Forester, D. M., Sanitary Engineer, U. 8. 
Bureau Reclamation, Soulder City, 
Nev. 

Foster, Herbert B., Jr., 834 Mendocino 
Road, Berkeley, Calif. 


Foster, Wm. Floyd, Engineer, Sewer 
Design, Klinker Bldg., Los Angeles, 


Calif. 

Froehde, F. C., City 
of Streets, City Hall, Pomona, Calif. 

Fuller, George W., 170 Broadway, New 
York, N. Y. 

Gadsby, L. H., City Engineer, City Hall, 
Visalia, Calif. 


Engineer & Supt. 


Galvin, Thomas E., Wallace & Tiernan 
Co., 3923 West 6th St., Los Angeles, 
Calif. 

Gascoigne, George L., Sanitary Engineer, 
Euclid Ave. at East 9th St., Cleveland, 
Ohio 

Gerstley, J., 


Great Western Electro 


Chemi¢al Co., 9 Main St., San Fran- 
cisco, Calif. 
Publie 


Bldg., 


State 
Life 


Gillespie, Gt. Dept. of 
Health, 3093 
Berkeley, Calif. 


Gladding, Augustus L., 


Sciences 

Gladding Bros. 
Manufacturing Co., 3rd & Keyes Sts., 
San Jose, Calif. 

Goodridge, Harry, City 
Hall, Berkeley, Calif. 

Goudey, R. F., Dept. of Water & Power, 
Box 240, Areade Annex, Los Angeles, 
Calif. 

Gray, Harold F., 

Berkeley, Calif. 


Engineer, City 


2540 Benvenue Ave., 


SEWAGE WORKS JOURNAL 





Mareh, 1934 





Green, Carl E., Oregon State Board of 
Health, 816 Oregon Bldg., Portland, 
Ore. 

Gregory, J. H., Johns Hopkins Univer- 
sity, Baltimore, Md. 

E., 833 Market St., 

Franciseo, Calif. 


Grunsky, C, Room 
1103, San 

Grunsky, Eugene L., 833 Market St., San 
Franciseo, Calif. 

Street & Sewer 


Gwynn, C. H., Supt. 


Auburn, Calif. 
Hammerly, F. V., Water Works Supply 
Co., 1142 Amador St., Berkeley, Calif. 
Hapgood, KE. P., City 
Hall, Anaheim, Calif. 
A., Sanitary Engineer 
Bldg., Berkeley 


Engineer, City 
Harmon, Judson 
3093 Life 
Calif. 
Haseltine, T. R., 1603 N. E. 
Portland, Oregon 
Hauck, C. P., National 
Yosemite, Calif. 


Sciences 


48th Ave., 


Park Service, 


Haylor, George R., City Hall, San Diego, 
Calif. 

Helgren, E. J., City Health Officer, Santa 
Rosa, Calif. 

Clark T., 

game Utility Commission, P. O. Box 


Henderson, Chairman Burlin- 
422, Burlingame, Calif. 

Henry, B. F., Chief Operator, Sewage 
Plant, R. R. No. 2, Pomona, Calif. 
Herb, Cornelius, Supt. Filtration Plant, 

City Hall, Sacramento, Calif. 
Hilton, ‘Elton M., 
National Park Service, Yosemite, Calif. 
2097, E. 28th 


Sanitary Inspector, 


Hodson, George T., Box 
St., Long Beach, Calif. 

Homeyer, Wm. H., The 
Co., 127 No. Weatherly Drive, Beverly 
Hills, Calif. 

Hommon, H. B., U. S. Publie Health 
Service, 420 Call Bldg., San Francisco, 
Calif. 

Hoskinson, Carl M., Chief Engineer, 
Water Works, City Hall, Sacramento, 
Calif. 

Hyde, Charles G., Univ. of California, 11 
Engineering Bldg., Berkeley, Calif. 
Ikeda, T., Director & Chief Engineer, 
Water & Sewage Bd. of Nagoya Mu- 

nicipality, Nagoya, Japan 


Carborundum 

















rd of 
tland, 


hiver- 
Room 
, san 
Supt., 
upply 
Calif. 

City 


rineer 


‘Keley 
Ave., 
rvice, 
Diego, 
Santa 


surlin- 


Box 


ewage 
f. 
Plant, 


vector, 
Calif. 
28th 


nidum 


everly 


fealth 


1CiSsco, 


rineer, 


nento, 


ia, 11 
if; 

‘ineer, 
1 Mu- 











Vol. 6, No. 2 


Ingmire, S., Supt. Sewer Maintenance, 
745 City Hall, Los Angeles, Calif. 

Jacobson, John, Supt. of Construction, 
U. C. Farm, Davis, Calif. 

James, J. S., County Surveyor, Redwood 
City, Calif. 

Jenks, Harry N., 2701 Benvenue Ave., 
Berkeley, Calif. 

Jessup, J. J.. 1977 N. New Hampshire 
St., Los Angeles, Calif. 

Jewell, H. W., Pacific Clay Produets Co., 
650 Chamber of Commerce Building, 
Los Angeles, Calif. 

Jewett, Herbert A., 727 W. Arden Ave., 
Glendale, Calif. 

Johnston, Fred L., 23 West Figueroa St., 
Santa Barbara, Calif. 

Jones, Thos. P. B., County Health Dept., 
P. O. Box 375, Riverside, Calif. 

Kelly, Earl M., The Dorr Company, 108 
West 6th St., Los Angeles, Calif. 

Kempkey, A., 1218 Hobart Bldg., San 
Franciseo, Calif. 

Kennedy, C. C., 543 Call Bldg., San 
Francisco, Calif. 

Kivari, A. M., The Dorr Company, 108 
W. 6th St., Los Angeles, Calif. 

Kjellberg, G., Supt. of Sewers, 4411 
Roubidoux, Riverside, Calif. 

Knowlton, W. T., City Hall, Los Angeles, 
Calif. 

Koebig & Koebig, 458 So. Spring St., 


Los Angeles, Calif. 

Kressly, Paul E., 1780 Ramiro Road, San 
Marino, Calif. 

Langelier, W. F., Civil Engineering Lab. 
Bldg., Berkeley, Calif. 

Lawton, R. W., 137 No. Van Ness, Los 
Angeles, Calif. 

Lee, Charles H., 58 Sutter Street, San 
Franciseo, Calif. 

Linton, Robert, Pacific Clay Products 
Co., 1151 So. Broadway, Los Angeles, 
Calif. 

Lippincott, J. B., 543 Petroleum Se- 
curities Bldg., Los Angeles, Calif. 


Loeffler, Paul <A., Resident Engineer, 


State Highway Commission, San 
Andreas, Calif. 

Los Angeles Public Library, Municipal 
Reference Library, 300 City Hall, Los 
Angeles, Calif. 





MEMBERS OF FEDERATION 359 








Los Angeles Public Library, Serials 
Division, 530 So. Hope St. 
Angeles, Calif. 

Loucks, R. L., 3472 Elmwood Court, 


, Los 


Riverside, Calif. 

Luippold, G. T., Wallace & Tiernan Co., 
3923 West 6th St., Los Angeles, Calif. 

McBride, J. L., City Hall, Santa Ana, 
Calif. 

MeMillan, Donald C., 1993 Poli Street, 
Ventura, Calif. 

McQueen, F., Sewage Disposal Engineer, 
Burns, Oregon 

MacDonald, J. V., Chain Belt Company, 
1414 Santa Fe Ave., Los Angeles, 
Calif. 

Mahoney, H. C., Operator, Sewage Disp. 
Plant, Pismo Beach, Calif. 

Marx, Charles D., Box 1091, Stanford 
University, Calif. 

Mason, John L., Water Works Supply 
Co., 501 Howard St., San Francisco, 
Calif. 

Meadoweroft, Niel F., 115 Cornelia 
Avenue, Mill Valley, Calif. 

Meyers, E. E., 1002 A West Street, 
Oceanside, Calif. 

Miick, Fred E., Link-Belt Company, 400 
Paul Avenue, San Francisco, Calif. 
Mittelstaedt, R. E., Manager of Water 
Dept., City Hall, Sacramento, Calif. 
Molitor, Paul, 4 Willow Street, Chatham, 

N. J. 

Monroe, E. D., Monite Company, 1009 
So. Vermont Ave., Los Angeles, Calif. 

Moore, L. W., City Engineer, City Hall, 
San Luis Obispo, Calif. 

Morse, S. M., Morse Engineering Co., 
Drew Building, Mesa, Ariz. 

Munson, Laura A., Mrs., 541—37th Street, 
Sacramento, Calif. 

Nukem Pacifie Co., Ltd., 621 So. Spring 
St., Los Angeles, Calif. 

Ojai, City of, Ojai, Calif. 

Olsen, Louis, City Health Officer, Palo 
Alto, Calif. 

Palmer, Harold K., 41 Ozone Avenue, 
Venice, Calif. 

Pardee, B. J., City Manager, Visalia, 
Calif. 

Patterson, R. L., City Engineer, New- 
port Beach, Calif. 





360 SEWAGE 


Penick, Walter L., Hardinge Co., Inc., 
444 Market St., San Francisco, Calif. 

‘Perry, Don E., Box 91, San Anselmo, 
Calif. 

Phelps, B. D., 
San Diego, Calif. 

Phelps, Tracy I., Los Angeles Co. Sur- 
veyor’s Office, 400 Klinker Building, 
Los Angeles, Calif. 

Phillips, Wm. B., Gladding, McBean & 

Blvd., Los 


Civil Engineer, City Hall, 


Company, 2901 Los Feliz 
Angeles, Calif. 

Pieree, C. L., 1150 
Pasadena, Calif. 

Polich, Theodore P., 


Pipe Co., Box 1, 


Oak Street, South 


Concrete 


H, Los 


United 

Station 
Angeles, Calif. 

Pomeroy, Richard, Chemist, L. A. County 
Sanitation Dists., 25421 President St., 
Harbor City, Calif. 

Popp, W. L., City Engineer, City Hall, 
San Jose, Calif. 

Prior, Guy, Supt. of Streets, City Hall, 
Riverside, Calif. 

Qualls, Edward, Chief Operator Sewage 
Plant, 422 Palm Ave., Whittier, Calif. 

Ranagan, Fred E., 
Co., 710 N. Kilkea Drive, Los Angeles, 
Calif. 

Rantsma, W. F., City Hall, Fresno, Calif. 

Rawn, A. M., Los Angeles Co. Sanitation 
Dists., 1389 No. Broadway, Los Angeles, 
Calif. 

Reddick, Harry E., City 
Hall, Santa Paula, Calif. 

Reed, George W., ¢/o The National Park 
Service, 409 Underwood Building, San 


Pardee Engineering 


Engineer, City 


Franciseo, Calif. 
Reinke, Edward A., 
lie Health, 3093 
Berkeley, Calif. 
Reynolds, Leon B., Prof., Sanitary Engi- 


neering, Civil Engineering Dept., Stan- 


State Dept. of Pub- 


Life Sciences Bldg., 


ford University, Calif. 

Ribal, Raymond R., 701 City Hall, Oak- 
land, Calif. 

Riedler, Martha M., City of Los Angeles 
Dept. Water & Power, 207 So. Broad- 
way, Los Angeles, Calif. 

Roberts, W. C., 
neering Laboratory, 543 Call Building, 
San Francisco, Calif. 


Director, Pacific Engi- 


WORKS JOURNAL 


March, 1034 


Robinson, Willis S., 1126 N. 
Wilmington, Calif. 

Rockingham, W. H., Division of Arelii- 
tecture, Dept. of Public Works, Public 
Works Bldg., Sacramento, Calif. 

Rushton, E., State Dept. Institu- 
tions, 2968 Govan Way, Sacramento, 
Calif. 

Sanchis, Joseph M., Sanitary 
2640 
Calif. 

Scott, C. R., Deputy County Surveyor, 
Redwood City, Calif. 


Segel, A., Civil Engineer, Cory Building, 


Fries Ave 


’” 


Leon 


neieer 
Engineer, 


Somerset Drive, Los Angeles, 


Fresno, Calif. 

Shattuck, J. George, Civil Engineer, Box 
167, Palo Alto, Calif. 

Shaw, Wm. Ray, City Engineer of Seal 
Beach, P. O. Box 147, Seal 
Calif. 

Shilko, Hiram S., Asst. Engineer, U. S. 
Public Health Service, Box 196, Yose- 
mite, Calif. 

Shook, H. E., Great 

Co., 9 Main St., 


seach, 


Western Electro 


Chemical San Fran- 
cisco, Calif. 

Smith, Alva J., 810 
Pasadena, Calif. 
Smith, Chester A., 300 Carmen’s Build- 
ing, 107 West Linwood Blvd., Kansas 

City, Mo. 
Smith, J. F., Great Western 
Co., 9 Main St., San 


Boylston Street, 


Electre 

Chemical Fran 
ciseo, Calif. 

Smith, W. D., Asst. Engineer with W. T 
Knowlton, City Hall, Los Angeles, 
Calif. 

Sopp, C. W., Asst. Water 
Dept., City Hall, Pasadena, Calif. 


Engineer 
ingineer, 


Sparling, H. T., Jr., County Surveyor’s 


Office, Klinker Los. Angeles, 


Calif. 
Speneer, 


Bldg., 


John, 450 MeAllister 
San Francisco, Calif. 

Spry, Russell J., The Dorr Co., 3124 3érd 
Ave. South, Seattle, Wash. 

Stead, 
Dept., 
Calif. 

Stedman, E. J., P. 
Barbara, Calif. 


Street, 


Frank, Los Angeles Co. Health 
Hall of Justice, Los Angeles, 
11235 


O. Box Santa 











Pe til- 


ublie 


stitu- 


ento, 


neer, 


Peles, 
eyor, 
ding, 
Box 


Seal 


each, 


U. S. 


Y ose- 


ectro 


Mran- 
treet, 


suild- 


ansas 


ectre 


Wran 


ae 


eles, 
Vater 


’ 
yor s 


veles, 


treet, 


ealth 
geles, 


Santa 











Stephens, F. H., Aluminum Co. of 
America, 709 Rialto Building, San 
Francisco, Calif. 

Stevenson, Ralph A., Great Western 
Electro Chemical Co., P. O. Box ‘‘D7’’, 
Pittsburg, Calif. 

Steward, O. E., Orange County Outfall 

1 N. Philadelphia  St., 


2 
sewer, o 


2 
Anaheim, Calif. 

Stites, H. I., City Engineer, City Hall, 
Burbank, Calif. 

Straver, Elmer C., Civil Engineer, 204 
S. Olive Ave., Alhambra, Calif. 

Stuart, Archer B., City Engineer, Healds- 
burg, Calif. 

Sullivan, George L., City Engineer, Santa 
Clara, Calif. 

Taber, Edwin R., General Sewer Flusher 
Co., 625 Turner St., Los Angeles, Calif. 

Taylor, Alva A., Asst. City Engineer for 
Signal Hill, 2120 Cherry Ave., Long 
Beach, Calif. 

Taylor, George E., Dist. Manager, Chain 
selt Co., 909 Harrison St., San Fran- 
cisco, Calif. 

Tegtmeyer, L. G., Asst. Engineer, 368 
City Hall, San Francisco, Calif. 

Tennant, Carl F., Apt. B, 216 Santa Fe 
Avenue, Long Beach, Calif. 

Thomas, Franklin, Prof. of Civil Engi- 
neering, California Inst. of Tech- 
nology, Pasadena, Calif. 

Tucker, O. H., Board of Athletic Control, 
Stanford University, Calif. 

University of California Library, Berke- 
ley, Calif. 

University of Southern California, Uni- 
versity Park, Los Angeles, Calif. 

Vaughan, E. A., Manager Light & Water, 
City Hall, Lompoe, Calif. 


MEMBERS OF FEDERATION 





361 





Waggoner, E. R., Pacific Clay Products 
Co., 650 Chamber of Commerce Bldg., 
Los Angeles, Calif. 

Walker, L. R., Asst. City Engineer, City 
Hall, Santa Barbara, Calif. 

Walters, Grover L., Sewer and Water 
Dept., City Hall, Fullerton, Calif. 

Warren, A. K., Los Angeles County San. 
Dists., 202 Law Building, Los Angeles, 
Calif. 

Watkins, H. H., Auckland & Suburban 
Drainage Board, P. O. Box 208, Auck- 
land, New Zealand 

Wesseler, M. J., Asst. Engineer, City 
Hall, Pasadena, Calif. 

Western City, 333 Roosevelt Bldg., Los 
Angeles, Calif. 

Western Construction News & Highway 
Builder (Publication), 114 Sansome 
Street, San Francisco, Calif. 

White, Russell C., Operator, Activated 
Sludge Plant, Yosemite National Park, 
Yosemite, Calif. 

Whitehead, Richard S., 233 Grand Boule- 
vard, San Mateo, Calif. 

Willette, C. R., Sewage Plant Operator, 
Box 21, Yosemite, Calif. 

Wilson, Carl, Dr., Room 214, Wright & 
Callender Bldg., 405 South Hill St., 
Los Angeles, Calif. 

Wintersgill, A. T., Pacifie Clay Products 
Co., 650 Chamber of Commerce Bldg., 
Los Angeles, Calif. 

Wyman, Alfred W., 419 S. Meredith 
Avenue, Pasadena, Calif. 

Zuckweiler, G. C., Chief Sanitary In- 
spector, 3735 Ray Street, San Diego, 
Calif. 


Central States Sewage Works Association 


Mr. Gus H. Radebaugh, Secretary-Treasurer, 500 N. Oak Street, Urbana, Illinois 


Adams, Charles L., 202 Elks Building, 
Joliet, Tl. 

Arbogast, Joseph, Naperville, Il. 

Baillie, E. P., 1422 Mound Street, Madi- 
son, Wise. 

Baker, C. M., 2 So. Carroll St., Madison, 


Wise. 


Barnett, G. R., 519 Comm. Bank Bldg., 
Peoria, Il. 

Baylis, John R., 1643 East 86th Street, 
Chicago, Tl. 

Beatty, E. J., State Board of Health, 
Madison, Wise. 












362 


3eaudoin, Robert E., 120 North State 
St., Beardstown, III. 

Beck, A. J., 8535 
eago, Ll. 

Beddoes, Hubert, 4241 
nue, Chicago, Ll. 

Berry, A., Route 2, 
Indianapolis, Ind. 

H., ¢/o Norton Company, Wor- 


Drexel Avenue, Chi- 


Ravenswood Ave- 


George Box 440, 

Bird, K. 
cester, Mass. 

Bloodgood, D. E., 4701 Kenwood Avenue, 
Indianapolis, Ind. 

Boley, Arthur L., Asst. City Engineer, 
City Hall, Sheboygan, Wise. 

Boruff, C. S., State 
Illinois, Urbana, Ill. 

3021 N. 


Survey, Univ. of 


Brower, James, 36th St., Mil- 


waukee, Wise. 


Ralph J., 222 South Andmore 


Bushee, 


Ave., Villa Park, Ill. 

Zz. Kk. 3, 
Indianapolis, Ind. 

Cerny, Paul J., Kansas University, Room 


Calvert, C. K.., Box 976-—-H, 


Hall, Lawrence, Kans. 


15, Marvin 
2336 Wolfram 


Chicago Pump Company, 233 
Street, Chicago, III. 

Childs, J. A., 1923 University Ave., St. 
Paul, Minn. 

Cramer, Robert, 647 W. 
Milwaukee, Wise. 
Darling, O. M., 205 
Fort Wayne, Ind. 
M., University of Wisconsin, 


Virginia St., 


Elmore Building, 
Dawson, F. 
Madison, Wise. 
De Brun, John W., 
Taylorville, Ill. 

Deckert, Christ, 
Works, Delavan, Wise. 

Delzell, Harry C., Portland Cement Assn., 
33 West Grand Ave., Chicago, Ll. 

Bernhard, State Laboratory 


Resident Engineer, 


Sewage Treatment 


Domogalla, 
of Hygiene, Madison, Wise. 

Donahue, Jerry, 606-610 N. Eighth St., 
Sheboygan, Wise. 

Dorr Company, LaSalle-Wacker Building, 
Room 1836, Chieago, Ill. 

Downer, Wm. J., Dept. of Publie Health, 
Springfield, Ill. 

Edwards, Gail P., Apt. 3A, Graham Court 
Apts., Chapel Hill, N. C. 

Erickson, Carl V., 119 
Oak Park, Il. 


Pleasant Street, 


SEWAGE WORKS JOURNAL 


March, 1934 
Ferebee, James L., Box 1167, Milwaukee, 
Wise. 
Ferguson, Harry F., Dept. of Publie 
Health, Springfield, Il. 
Finch & 
Century Bldg., Indianapolis, Ind. 
Finch, R. M., 614 Flour Exchange Bldg. 


Finch, Lewis S., Babeock, 276 


Minneapolis, Minn. 

Gail, A. L., North Shore Sanitary Dist., 
1015 ‘St. Highland 
Park, Ill. 


A., 7633 Greenview Ave., Chi- 


Johns Avenue, 

Gerard, F, 
cago, Tl. 

Giesey, J. K., 1124 Harlem Boulevard, 
Rockford, Ill. 

Goodman, Arnold H., 70 
Riverside, Il. 

H., Watertown, Wise. 

North Michigan 


Pine Avenue, 


Grams, C. 
Greeley, Samuel A., 6 
Ave., Chicago, Il. 
Gross, Carl D., Dept. of Publie Health, 
Springfield, Il. 
Hansen, Paul, 6 North Michigan Ave., 
Chicago, Il. 
Hardinge Company, Ine., 205 West 
Wacker Drive, Chicago, Il. 
Harris, George C., Sewage 
Works, Arlington Heights, Ill. 
B. J., Jerry Donohue 


Treatment 
Hartman, Engi- 
neering Co., Sheboygan, Wise. 
Hatfield, W. D., Decatur Sanitary Dis- 
trict, Deeatur, Il. 
Hatton, T. Chakley, 
waukee, Wise. 
Heebink, G. E., 
Beloit, Wise. 
Heisig, H. M., Research Chemist, Sewer- 
age Commission, Milwaukee, Wise. 
Henn, David E., DeKalb Sanitary Dis- 
trict, DeKalb, Il. 
Holderby, J. M., Sanitary 
Dept., Wisconsin State 
Health, Madison, Wise. 
E., Aluminum Co. of Amer- 
Blvd., Chicago, 


Hotel Astor, Mil- 
(Deceased ) 
1425 Emerson Street, 


Engineering 
Dept. of 


Hornung, E. 
ica, 520 N. Michigan 
Hl. 

Howson, L. R., Suite 1401, 20 N. Wacker 
Drive Bldg., Chicago, Tl. 

Hurd, Edwin C., 333 N. 
St., Indianapolis, Ind. 

Hurwitz, Emanuel, 5017 


Pennsylvania 


Mozart Street, 


Chicago, Tl. 














Dist., 
land 


vard, 


enue, 


Ngan 
alth, 
Ave., 
W est 


ment 


Dis- 
Mil- 
reet, 
wer- 
I Jis- 


‘ing 
ring 


of 


mer- 


ago, 
eker 


ania 


reet, 











Vol. 6, No. 2 





Jones, Frank Woodbury, 1140 Leader 
Building, Cleveland, Ohio 

Jordan, Harry E., Box 855, Indianapolis, 
Ind. 

Karl, Harry, 1526 8S. 17th Street, 
Sheboygan, Wise. 

Kirchoffer, W. G., Vroman Block, Madi- 
son, Wise. 

Kivell, Wayne A., The Dorr Co., LaSalle 
Wacker Bldg., Chicago, Ill. 

Knechtges, O., 1110 Vilas Avenue, Madi- 
son, Wise. 

Kraus, L. S., 240 McQueen Avenue, 
Peoria, Il. 

Larson, C. C., Springfield Sanitary Dist., 
Springfield, Il. 

Leonard, Onis, Dept. of Sanitation, 
Frankfort, Ind. 

Lewis, R. K., 3205 Guilford Avenue, 
Indianapolis, Ind. 

Link-Belt Company, 300 W. Pershing 
Road, Chieago, Il. 

Lord, Herbert O., 308 Tenney Bldg., 
Madison, Wise. 

MeAnlis, C. R., 250 Central Building, 
Ft. Wayne, Ind. 

McClenahan, W. J., 910 S. Michigan 
Avenue, Chicago, Il. 

McDonnell, R. E., 107 N. Linwood Blvd., 
Kansas City, Mo. 

MeNear, R. B., Columbia City, Ind. 

MacKenzie, Vernon G., 910 So. Michi 
gan Ave., Chicago, Il. 

Mackin, John C., Nine Springs Sewage 
Treatment Plant, Madison, Wise. 

Martin, George, 609 South Eighth Ave- 
nue, Mt. Horeb, Wise. 

Merz, H. Spencer, 3207 W. Gate Park- 
way, Rockford, Ill. 

Merz, R. C., 721 North 18th St., Mil- 
waukee, Wise. 

Mohlman, F. W., 845 South Wabash Ave., 
Chicago, Ill. 

Morkert, Kenneth, 306 S. MeClelland 
Ave., Decatur, Il. 

Muegge, O. J., State Board of Health, 
Madison, Wise. 

National Aluminate Corp., 6216 West 
66th Place, Chicago, Ill. 

Nichols, M. Starr, State Lab. of Hy- 

giene, Madison, Wise. 


FEDERATION 


MEMBERS OF 


363 





Palmer, John R., 1321 Monroe Street, 
Evanston, III. 

Pearse, Langdon, Chicago Sanitary Dist., 
910 S. Michigan Ave., Chicago, Ill. 
Peterson, Ivan C., 130 N. Wells Street, 

Chieago, Ill. 

Peterson, Ralph W., Calumet Sewage 
Treatment Works, 125th St. and Cot- 
tage Grove Ave., Chicago, Ill. 

Pierce, W. A., 2335 Carmel Ave., Racine, 
Wise. 

Poole, B. A., Engineer, 1655 North Ala- 
bama Street, Indianapolis, Ind. 

Price, O. L., Indiana Reformatory, 
Pendleton, Ind. 

Quimby, Frank, Water Dept., City Hall, 
Racine, Wise. 

Radebaugh, Gus H., 500 N. Oak Street, 
Urbana, Il. 

Reeve, S. P., c/o Black & Veatch, 701 
Mutual Bldg., Kansas City, Mo. 

Rein, L. E., Paeifie Flush Tank Co., 
4241 E. Ravenswood Ave., Chicago, Il. 

Roe, Frank C., ¢/o The Carborundum Co., 
Niagara Falls, N. Y. 

Rogers, W. H., Supt., Downers Grove 
Sanitary Dist., Downers Grove, Ill. 
Romaine, Burr, 289 East 9th Street, 

Fond du Lae, Wise. 

Ruchhoft, C. C., 845 South Wabash Ave., 
Chicago, Ill. 

Schier, Lester C., 4131 W. Martin Drive, 
Milwaukee, Wise. 

Schlenz, H. E., 4241 E. Ravenswood Ave., 
Chicago, Tl. 

Schroepfer, George J., Metropolitan 
Drainage Commission, 1923 University 
Ave., St. Paul, Minn. 

Schwartz, Oswald, Street Commissioner, 
Cederburg, Wise. 

Schwob, Carl W., Dept. of Public Health, 
Springfield, Ill. 

Sherman, L. K., 8 East Huron Street, 
Chicago, Ill. 

Smith, E. E., Elgin Sanitary Dist., Elgin, 
Il. 

Smith, J. Irwin, 11127 Homewood Ave- 
nue, Chicago, Ill. 

Smith, Phil W., 605 North Michigan 
Ave., Chicago, Il. 

Smith, Russell S., 1921 S. 6th Ave., May- 
wood, Ill. 







































364 





Snider, L. A., 605 N. Michigan Ave., 
Chieago, Ill. 

Snyder, C. M., 3300 Kiswaukee St., Rock- 
ford, Il. 

Sperry, Walter A., Box 231, Aurora, Il. 
Stanley, Wm. E., c/o Greeley & Hansen, 
6 N. Michigan Ave., Chieago, Il. 
Steindorf, R. T., ¢/o Chain Belt Co., 1600 

W. Bruce St., Milwaukee, Wise. 
Stemper, Alex, City Engineer, Oconomo- 
woe, Wise. 
Suter, Max, 610 West 
Il. 
Swope, Gladys, 1402 East 57th St., Chi- 
eago, Ill. 
Turner, L. B., 113 
Ill. 
Turpin, U. F., ¢/o Older & 
Quinlan, 205 West Wacker Drive, Chi- 
eago, Dl. 


Elm St., Urbana, 


Fulton Street, Geneva, 


Consoer, 


Unger, G. C., Jr., 2220 Lowell Ave., 
Louisville, Ky. 

Vagtborg, H. A., 205 Wacker Drive, Chi- 
cago, Ill. 

Van Praag, Alex, Jr., 416 Milliken Bldg., 
Decatur, Ill. 

Velzy, Chas. R., 6 N. 
Chicago, Ill. 

Walker, Donald, 419 Main Street, Aurora, 


Il. 


Michigan Ave., 


SEWAGE WORKS JOURNAL 








Mareh, !934 
















Walraven, W. B., Springfield 
Dist., Springfield, Il. 

Ward, C. N., State Journal Bldg., Madi- 
son, Wise. 

Ward, Osear, 1519 Richfield St., Marsh- 
field, Wise. 

Warrick, L. F., State Board of Health, 
Madison, Wise. 


Sanitary 


Wells, M. E., 776 West Chicago St., 
Elgin, Il. 
Wheeler, C. E., Jr., Calumet Sewage 


Treatment Works, 125th St. & Cottage 
Grove Ave., Chicago, Il. 

Whittemore, L. C., 
Dist., 910 S. Michigan Ave., Chicago, 
Yl. 

Wileman, C. S., Link-Belt Company, 300 
W. 39th St., Chicago, Il. 

Wiley, Ralph B., 
Lafayette, Ind. 
Williams, Leon J., 

Chicago, Ill. 

Wilson, H. E., 
Sanitary Dist., Bloomington, Il. 

Wilson, John A., 
waukee, Wise. 

Wisely, W. H., 
Springfield, Tl. 


Chicago Sanitary 


777 Russell St., W. 


1949 E. 72nd Street, 


Bloomington-N ormal 


757 Broadway, Mil- 


State Board of Health, 


Federal Sewage Research Association 


Mr. F. J. Moss, Secretary-Treasurer, U. 

tion Ave., N. 
Publie Health 
Sts., 


Butterfield, C. T., U. 8. 
Third & 
cinnati, Ohio 
Carnahan, Charles T., 
Street, Port Arthur, Texas 
Collins, W. D., U. S. 
Interior Building, Washington, D. C. 
Crohurst, Harry R., U. 8. Public Health 
Third & Sts., 

cinnati, Ohio 


Service, Kilgour Cin- 


99909 


Proeter 


Geological Survey, 


Service, Kilgour Cin- 


Dopmeyer, A. L., 208 Federal Building, 
Honolulu, T. H. 

Dorsey, Stanton L., 1669 
N. W., Washington, D. C. 

Fisher, Lawrence M., U. S.  Publie 

Health Service, Wall, Nassau & Pine 

Sts., New York, N. Y. 


Columbia, 


S. Public Health Service, 19th and Constitu- 
W., Washington, D. C. 


Frank, Leslie C., U. S. Public Health 
Service, 19th & Constitution Ave., 
N. W., Washington, D. C. 

Fuchs, Abraham W., U. S. Public Health 
Service, Office of Milk Investigations, 
Washington, D. C. 

Gordon, J. B., Room 309, District Build- 
ing, Washington, D. C. 

Hommon, H. B., The District Engineer, 
U. S. Public Health Service, 14th Ave. 
& Lake St., San Francisco, Calif. 

Hopkins, Omar C., U. S. Publie Health 


Lab., 14th and Lake Sts., San Fran- 
ciseo, Calif. 

Hoskins, J. K., U. S. Public Health Serv- 
ice, Third & Kilgour Sts., Cincinnati, 
Ohio 

















300 


W, 


reet, 


‘mal 


Mil- 


lth, 


itu- 


alth 


ve., 


alth 


ons, 


‘ild- 


ilth 


‘al- 


aTV- 


ati, 








Vol. 6, No. 2 





Kehr, Robert W., U. S. Public Health 
Service, Third & Kilgour Sts., Cincin- 
nati, Ohio 

Komp, W. H. W., Box 1461, Ancon Canal 
Zone, Panama 

LeVan, J. H., Interstate Sanitary Dist. 
No. 3, Suite 816, New Federal Bldg., 
Van Buren & Canal Sts., Chicago, Ill. 

McNamee, Paul D., U. S. Publie Health 
Service, Third & Kilgour Sts., Cin- 
cinnati, Ohio 

Miller, A. P., P. O. Box 1346, Craney 
Island, Norfolk, Va. 

Moss, F. J., U. S. Public Health Service, 
19th & Constitution Ave. N. W.,, 
Washington, D. C. 

Old, H. N., U. S. Public Health Service, 
210 State St., New Orleans, La. 


MEMBERS OF 





FEDERATION 365 





Purdy, William C., E. Third & Kilgour 
Sts., Cincinnati, Ohio 

Shaw, Frank R., U. S. Public Health 
Service, Suite 816, New Federal Bldg., 
Chicago, Ill. 

Streeter, H. W., E. Third & Kilgour Sts., 
Cincinnati, Ohio 

Sullivan, E. C., U. S. Publie Health 
Service, Third & Kilgour Sts., Cinein- 
nati, Ohio 

Tarbett, R. E., U. S. Public Health 
Service, 19th & Constitution Ave., 
N. W., Washington, D. C. 

Theriault, E. J., U. S. Public Health 
Service, Stream Pollution Investiga- 
tions, E. Third & Kilgour Sts., Cin- 
einnati, Ohio 

Wright, Charles T., 1333 Locust Street, 
Cincinnati, Ohio 


Iowa Wastes Disposal Association 


Mr. Lindon J. Murphy, Secretary-Treasurer, Iowa State College, Ames, Iowa 


surtow, Edward, Prof., University of 
Iowa, Dept. of Chem. & Chem. Engi- 
neering, Iowa City, Lowa 

Bentley, Henry 8., 510 W. College St., 
Osage, Iowa 

Bloom, Harry E., 1211 Second Avenue, 
Worthington, Minn. 

Bragstad, R. E., City Engineer, Sioux 
Falls, S. D. 

Currie, C. H., Currie Engineering Co., 
Webster City, Iowa 

Devoe, P. K., City Engineer, Creston, 
lowa 

Dye, Elmer E., Jacobe E. Decker & Sons, 
Mason City, Iowa 

Green, Howard R., H. R. Green Com- 
pany, Bever Bldg., Cedar Rapids, Iowa 

Gross, C. E., ¢/o John Morrell & Co., 
Ottumwa, Iowa 

Hall, M. G., Hall Engineering Co., 
Centerville, Lowa 

Hinman, Jacek J., Jr., Post Office Box 
363, Iowa City, Iowa 

Jacobson, J. F., 310 N. Vine St., Hamp- 
ton, Iowa 

Levine, Max, Bacteriology Department, 

lowa State College, Ames, Towa 





Mark, William R., Jr., Room 18, State 
House, Des Moines, Iowa 

Mather, Edward K., Dakota Engineering 
Co., 309 Western Bldg., Mitchell, S. D. 

Murphy, Lindon J., Engineering Exten- 
sion Service, Iowa State College, Ames, 
Towa 

Nelson, George A., City Engineer, Boone, 
Iowa 

Nelson, Gussie H., Jr., 2625 Hunt Street, 
Ames, Iowa 

Schrack, Bert, 621—Ist Street, S. W., 
Oelwein, Iowa 

Smith, Chas. H., Supt., Light, Water & 
Sewers, Winterset, Iowa 

Steindorf, R. T., ¢/o Chain Belt Co., 1600 
West Bruce St., Milwaukee, Wise. 

Sturges, Wm. S., Dr., The Cudahy Pack- 
ing Co., Omaha, Nebr. 

Throckmorton, Walter, 300 Lake Shore 
St., Storm Lake, Iowa 

Towne, W. Waldo, Division of Sanitary 
Engineering, Capitol Annex, Pierre, 
SD 

Truckenmiller, E. E., Supt. Publie Util- 


ities, Sibley, Iowa 





366 SEWAGE 


Waterman, Earle, College of Engineer- 


ing, State Univ. of Iowa, Iowa City, 
Iowa 
Wieters, A. H., 


Sanitary Engineering 


WORKS JOURNAL 


Mareh, 1934 


Division, State Dept. of 
Moines, Iowa 

Frank E., City 
Hall, Cedar Rapids, Iowa 


Health, Des 


Young, Engineer, City 


Maryland-Delaware Water and Sewerage Association 


Mr. A. W. 


Blohm, Secretary, State Department of Health, 2411 N. 


Charles Street, 


Baltimore, Md. 


Armling, George E., 4031 Bonner Road, 
Baltimore, Md. 

Beavin, B. E., 
Sewage Comm., Annapolis, Md. 

Beckett, Richard (C., State Dept. of 
Health, Dover, Del. 

Bingley, W. McLean, 3623 
Avenue, Baltimore, Md. 

Blohm, A. W., State 
Health, 2411 N. Charles Street, 
more, Md. 

Boone, George M., Mt. 
torium, Mt. Wilson, Md. 


Bureau of Sewers, 312 Municipal Build 


Annapolis Metropolitan 


Spaulding 


Department of 
Balti- 


Wilson Sana- 


ing, Baltimore, Md. 
Bureau of Sewers, Treatment 
Plant, Colgate, Md. 
Caskey, S. J., 2411 N. 
more, Md. 
Caspari, Fred W., Anne Arundel County 
Board of Health, Annapolis, Md. 
Coblentz, M. H., Md. Dept. of Health, 
2411 N. Charles St., Baltimore, Md. 


Sewage Treatment 


Sewage 


Charles St., Balti- 


Cromwell, E. C., 
Plant, Colgate, Md. 

Crozier, B. L., Chief Engineer, Municipal 
Building, Baltimore, Md. 

Donaldson, E. F., Annapolis Water Co., 
Box 66, Annapolis, Md. 

Dryden, F. H., Salisbury, Md. 

Genter, Albert L., Wyman Park Apart- 
ments, Baltimore, Md. 

Goodrich, A. E., Md. State 
Health, 2411 N. Charles St., 
Md. 

Gregory, J. H., 


Dept. of 


saltimore, 


Johns Hopkins Univer- 
sity, Homewood, Baltimore, Md. 

Gwynn, A. P., State Dept. of Health, 
2411 N. Charles St., Baltimore, Md. 

Hall, Harry R., Washington Surb. San. 
Dist., Hyattsville, Md. 

Hechmer, C. A., Washington Surb. San. 
Dist., Hyattsville, Md. 


Ilopkins, Edward S., Montebello Filters, 
Hillen Road, Baltimore, Md. 
Jester, J. M., Washington Surb. 
Dist., Hyattsville, Md. 

Keefer, C. E., 2030 Park Ave., Baltimore, 
Md. 

Kratz, 
Baltimore, Md. 

Krumbine, William, Easton, Md. 

Morse, Robert B., Washington Surb. San. 
Dist., Hyattsville, Md. 

Munroe, W. C., 
Comm., Glen Burnie, Md. 


San. 


Herman, 4200 Connectieut Ave., 


Anne Arundel Sanitary 


Owings, Noble L., Washington Surb. Sai. 
Dist., Hyattsville, Md. 

Patrick, J. G., W. Va. Pulp & Paper Co., 
Luke, Md. 

Pitkin, Ward H., 140-30 
Flushing, L. I., N. Y. 
Powell, S. T., Professional Bldg., 303 N. 

Charles St., Baltimore, Md. 
Ruark, Milton J., 1105 Municipal Bldg., 
Baltimore, Md. 
Shelley, F. C., 
Baltimore, Md. 
Shrier, Albert, Dr., Mt. 
terstown, Md. 
Smith, Paul L., 
Baltimore, Md. 
Spring, Wallace N., State 
Health, Salisbury, Md. 
State Dept. of Health, 2411 N. 
St., Baltimore, Md. 
M., Water Filtration Plant, 
Meade, Md. 


Industrial Aleohol Co., Curtis Bay, 


34th Ave., 


6206 Fair Oaks <Ave., 


Pleasant, Reis- 


5404 Tramore Road, 


Dept . of 
Charles 


Tawney, A. 
Fort George G. 

U.S. 
saltimore, Md. 

Whitman, Requardt & Smith, Charles & 
Biddle Sts., Baltimore, Md. 

Wolman, Abel, State Dept. of Health, 
2411 N. Charles St., Baltimore, Md. 
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Michigan Sewage Works Association 


Mr. W. F. Shephard, Secretary-Treasurer, State Dept. of Health, Lansing, Mich. 


Adams, Milton P., Stream Control 
Comm., State Office Bldg., Lansing, 
Mich. 

Anderson, R. A., Supt., Sewage Treat- 
ment Plant, Muskegon Heights, Mich. 

Assenmacher, William H., 6469 Stead- 
man Ave., Dearborn, Mich. 

Bentley, Roy, Michigan Home & Train- 
ing School, Lapeer, Mich. 

Biery, John E., Asst. City Engineer, City 
Hall, Jackson, Mich. 

Birkeness, O. T., Room 511, 605 W. 
Washington Ave., Chicago, Ill. 
soard, Leonard M., Sanitary Engineer, 
Jarry County Health Dept., Hastings, 
Mich. 

Chambers, Mark A., City Hall, Battle 
Creek, Mich. 

Clemmer, M. E., 911 W.. Michigan, 
Zattle Creek, Mich. 

Crabtree, Robert G., 2710 Elsinore Drive, 
Route No. 5, Pontiae, Mich. 

Damoose, Naseeb, Sewage Treatment 
Plant, Grand Rapids, Mich. 

Dempster, A. J., 9355 Wildemere, De- 
troit, Mich. 

Dodge, H. P., Dodge and Menefee, Ann 
Arbor, Mich. 

Dorr, Fred, Box 717, Royal Oak, Mich. 

Douglas, R. C., Ithaca, Mich. 

Dovle, Thomas J., 274 E. Boulevard, 
Pontiae, Mich. 

Drury, W. R., ¢/o Shoecraft, Drury & 
McNamee, Ann Arbor, Mich. 

Rddy, E. G., City Engineer, Lansing, 
Mich. 

Eldridge, E. F., Chemistry Dept., Michi- 
gan State College, East Lansing, Mich. 

Fargo Engineering Co., Jackson, Mich. 

Foster, Wade, Bad Axe, Mich. 

Francis, Geo. W., Francis Engineering 
Co., Eddy Building, Saginaw, Mich. 

Groen, Michael A., 7446 Ternes, Dear- 
born, Mieh. 

Habermehl, Austin, 7107 Appoline Ave- 
nue, Dearborn, Mich. 

Hanes, H. J., 109 N. Clemens St., Lan- 
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ITasson, H. H., 1021 Adams Street, 
Saginaw Mich. 

Haven, R. C., Stream Control Commis- 
sion, Lansing, Mich. 

Hubbell, George E., 2640 Buhl Building, 
Detroit, Mich. 

Jackson, R. B., City Engineer, Jackson, 
Mich. 

Jellema, John F., 89 KE. 22nd Street, 
Holland, Mich. 

Jennings, L. R., 508 KE. Main Street, 
Owosso, Mich. 

Kelley, R. E., R. R. No. 3, Sturgis, Mich. 

Kessler, T. F., City Manager, Escanaba, 
Mich. 

Leemaster, J. F., 1086 Lansing <Ave., 
Jackson, Mich. 

Lowry, L. A., 2219 Milbourne St., Flint, 
Mich. 

MeGrath, C. P., 116 Clinton Street, Mt. 
Clemens, Mich. 

McKenna, Harold R., 520 KE. Third St., 
Flint, Mich. 

Mallman, W. L., Michigan State College, 
Kast Lansing, Mich. 

May, D. C., c/o Ayres, Lewis, Norris & 
May, Cornwell Bldg., Ann Arbor, Mich. 

Miller, Edmund C., 6250 Schaefer Road, 
Dearborn, Mich. 

Mitchell, P. T., City Manager, Petoskey, 
Mich. 

Mudgett, CC. T., Sewage Treatment 
Works, Pontiac, Mich. 

Oeming, L. F., Michigan Dept. of Health, 
Lansing, Mich. 

Olson, Herbert A., 508 Feleh Street, Ann 
Arbor, Mich. 
Owen, Mark B., 

Dearborn, Mich. 
Potts, Harry G., Pennsylvania Salt Co., 
Wyandotte, Mich. 
Powers, Thos. J., Stream Control Com- 
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52. Kentucky Ave., 


mission, Lansing, Mich. 

Raymond, N. L., City Engineer, City of 
Owosso, Mich. 

Reynolds, M. W., Supt. Public Works, 
Durand, Mich. 
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Rumsey, James H., Sewage Treatment 
Works, Grand Rapids, Mich. 

Sawyer, C. E., City Engineer, Traverse 
City, Mich. 

Schneider, Edwin C., 203 First St., S. E., 
St. Cloud, Minn. 

Shafter, Edward M., City Engineer, 
Royal Oak, Mich. 

Shephard, W. F., Michigan Dept. of 
Health, Lansing, Mich. 

Smith, Robert J., Michigan Dept. of 
Health, Lansing, Mich. 

Smith, Walter E., ¢/o Wallace & Tiernan 
Co., Ine., 415 Brainard St., Detroit, 
Mich. 

Snedeker, L. LaVerne, 150 S. MeKenzie 
St., Adrian, Mich. 


Missouri Water and Sewerage Conference 


Mr. Herbert M. Bosch, Secretary-Treasurer, State Board of Health, 
Jefferson City, Mo. 


Bacharack & Co., E. W., 500 Rialto 
Building, Kansas City, Mo. 

Barada & Page, Kansas City, Mo. 

Barker, Russell, Supt., Water Works, 
Odessa, Mo. 

Berg, Arvid H., Illinois Power & Light 
Corp., Walnut & Washington, Peoria, 
Il. 

Black & Veatch, Mutual Building, Kan- 
sas City, Mo. 

Bosch, Herbert M., State Board of 
Health, Jefferson City, Mo. 

Brown, Cleo, Light & Water Dept., Har- 
risonville, Mo. 

Brown, Hugh, Supt. Water Works, Van 
dalia, Mo. 

Burns & MeDonnell Engineering Com 
pany, 107 N. Linwood Blvd., Kansas 
City, Mo. 

Campbell, C. H., Operator, Water Works, 
Mareeline, Mo. 

Cullom, W. H., Lexington Water Com- 
pany, Lexington, Mo. 

Delzell, H. C., ¢/o Portland Cement 
Assn., 33 West Grand Ave., Chicago, 
Il. 

Dickey Clay Manufacturing Co., Kansas 

City, Mo. 
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Sparks, Bert, Hastings, Mich. 

Theroux, Frank R., Civil Engineering 
School, Michigan State College, FE, 
Lansing, Mich. 

Townsend, Theodore H., St. Jolins 
Mich. 

Volk, J. A., Traverse City, Mich. 


Weeber, Earl R., 2130 Paris Drive, Gran: 
Rapids, Mich. 

Welch, Pierre R., 718 W. Dayton St., 
Flint, Mich. 

Zack, 8S. I., 226 Schaefer Building, Dear 
born, Mich. 

Ziteck, Jack, 553 State Street, Holland, 
Mich. 


Donner, A. D., Water & Light Dept., Co 
lumbia, Mo. 

Douglass, H. F., Supt. Water Works, 
Wellsville, Mo. 

Elder, John W., 3219 Forest Avenue, 
Kansas City, Mo. 

Fawks, Marvin E., Supt., Water & Light 
Dept., Fayette, Mo. 

Filby, E. L., Black & Veatch, 701 Mu 
tual Building, Kansas City, Mo. 

Flannery, E. S., Supt. Water Works, 
Platte City, Mo. 

Fox, Glenn C., Supt. Water Works, Mar 
celine, Mo, 

Fuhrman, Ralph E., Supt., Sewage Treat- 
ment Plants, Dept. of Publie Utilities, 
Springfield, Mo. 

Gallagher, H. <A., Independence Water 
Works Co., Independence, Mo. 

Gibbons, P. C., Supt. Water Works, 
Edina, Mo. 

Glenn, E. S., City Engineer, Carthage, 
Mo. 

Goodwin, Thomas L., Mechanical Supt., 
Park College, Parkville, Mo. 

Graf, A. V., 3848 Flad Avenue, St. Louis, 
Mo. 

Hack, Jacob G., Crystal City Water 

Works, Crystal City, Mo. 
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Hartung, Herbert O., St. Louis County 
Water Co., 6600 Delmar Boulevard, 
University City, Mo. 

Haskins, C. A., 407 Finance Building, 
Kansas City, Mo. 

Hawken, F. S., 3954 Greer Avenue, St. 
Louis, Mo. 

Hayob, Henry, Jr., Supt. Water Works, 
Marshall, Mo. 

Hebbler, O. L., Supt., Water & Light 
Department, Higginsville, Mo. 

Henrici-Lowry Engineering Company, 
130 West 58th Street, Kansas City, Me. 

Hersey Water Meter Co., 801 East Ar 
mour Blvd., Kansas City, Mo. 

Hogan, M. S., Supt., Water & Light De 
partment, West Plains, Mo. 

Hord, C. E., Louisiana Water Co., 
Louisiana, Mo. 

Joluson, W. Seott, Chief Sanitary Engi- 
neer, City Health Dept., St. Louis, Mo. 

Lauber, H. M., Supt. Water Works, 
Savannah, Mo. 

Leadite Company, The, 6220 Harrison 
St., District 4, Kansas City, Mo. 

Lehr, W. E., Supt. Water Works, Eldon, 
Mo. 

Lindell, O. V., The Dorr Co., 439 Ward 
Parkway, Kansas City, Mo. 

Link-Belt Company, Nicetown Station, 
Philadelphia, Pa. 

MeCarroll, W. J., Supt. Water Works, 
Fulton, Mo. 

McCaustland, E. J., University of Mis- 
souri, Columbia, Mo. 

MeGlashon, D. W., 1019 Gloyd Building, 
Kansas City, Mo. 

MeVay, Lewis, Supt. Water Works, La 
Plata, Mo. 
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Mathieson Alkali Works, Ine., 4809 
Roanoke Parkway, Kansas City, Mo. 

May, E. C., Missouri Public Service Co., 
Clinton, Mo. 

Missouri Gas & Electrie Co., Lexington, 
Mo. 

Nolte, August G., Chain of Rocks Water 
Plant, St. Louis, Mo. 

Ordelheide, L. E., Asst. Public Health 
Engineer, State Board of Health, Ver- 
sailles, Mo. 

Pittsburgh Plate Glass Co., Crystal City, 
Mo. 

Rensselaer Valve Company, 1064 Starks 
Building, Louisville, Ky. 

Robins & Company, G. S., 310-16 South 
Commercial St., St. Louis, Mo. 

Rollins Engineering Co., W. B., 339 








Railway Exchange Building, Kansas 
City, Mo. 

Russell & Axon, Roosevelt Building, St. 
Louis, Mo. 

St. Louis Public Library, Olive, 13th & 
14th Sts., St. Louis, Mo. 

Sewell Well Company, 1627 Locust 
Street, St. Louis, Mo. 

Smith & Company, C. E., 1930 Railway 
Exchange Bldg., St. Louis, Mo. 

Smouse, John P., St. Joseph Water Com- 
pany, St. Joseph, Mo. 

Sotier, Alfred L., 3906 DeTonty Street, 
St. Louis, Mo. 

Thain, A. E., Supt. Water Works, Neo- 
sho, Mo. 

Thomas, R. S., East Main Street, Macon, 
Mo. 

Turner, Frank E., Supt. Water Works, 
Cameron, Mo. 

Wallace & Tiernan Co., Inc., 426 Board 
of Trade Bldg., Kansas City, Mo. 


New England Sewage Works Association 


Mr. F. Wellington Gilereas, Secre tary-Treasurer, Division of Laboratories and Re- 
search, New York State Department of Health, Albany, N. Y. 


Agar, Charles G., Div. of Sanitation, 
State Dept. of Health, Albany, i ee 

Allen, Herbert 3., Sewage Disposal 
Works, Fitchburg, Mass. 

Allen, Raymond C., Box 67, Manchester, 


Almquist, Frederick O. A., Conn. State 
Dept. of Health, Hartford, Conn. 
Anderson, Walter C., 36 Echo St., Brock- 

ton, Mass. 
Bogren, George G., Room 409, 14 Beacon 
St., Boston, Mass. 























































370 





Boide, Abraham C., Room 511A, State 
House, Boston, Mass. 
W., c/o MacKenzie & 


Bowers, Southington, Conn. 


Bowers, Samuel 


3oycee, Earnest, 1714 Indiana St., Law- 
rence, Kans. 

Harold L., Water 
Commission, Marlboro, Mass. 

Brooks, John H., Jr., E. Worcester 
Street, Worcester, Mass. 

Frederick M., 
Disposal Co., Stamford, Conn. 

Brule, Abundius A., 157 Chestnut Street, 
Central Falls, R. I. 

Buck, Henry R., 650 Main St., Hartford, 
Conn. 


Brigham, & Sewer 


Brown, American Sewage 


Buck, Robinson D., 293 Oxford Street, 
Hartford, Conn. 
Bugbee, Julius W., 25 New York Avenue, 


Providenee, R. I. 


Burden, Harry P., Tufts College, Med- 
ford, Mass. 
Calvert, John T., 61 Half Moon Lane, 


Herne Hill, London, 8.E. 24, England 


Cameron, A. B., 419 West Vine St., 
Kalamazoo, Mich. 
Camp, Thomas R., Mass. Institute of 


Technology, Cambridge, Mass. 
Campbell, Arthur T., 255 Capitol Ave., 
Hartford, Conn. 
Carignan, Harry A., 70 
Woonsocket, R. I. 
Carlton, Edwin, 
Main St., Maynard, Mass. 


Park Avenue, 


Room ai Gruber Bldg., 


Carson, Caryl C., Box 1139, Hartford, 
Conn. 
Cary, Willis E., 5 Chesterfield Road, 


Worcester, Mass. 


Chase, E. Sherman, c/o Metcalf & Eddy, 


1300 Statler Building, Boston, Mass. 
Clark, H. W., Room 541, State House, 


Boston, Mass. 
Clarke, V. B., Capitol 
Conn. 
Cobb, Edwin B., 137 Vernon St., 
wood, Mass. 
Coburn, 8S. E., 
ton, Mass. 


Bldg., Ansonia, 


Nor- 

1300 Statler Bldg., Bos- 

Connecticut Agricultural College, Storrs, 
Conn. 


Copeland, William R., Room 317, State 
Office Bldg., Hartford, Conn. 
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Coy, Arthur H., Water & Sewer Dx 
Westerly, R. I. 


Crocker, H. 8., City Engineer, City Hull, 
Brockton, Mass. 

Crompton, Raymond, 100 Crompton A 
EK. Greenwich, R. I. 

Curry, Truman M., Jr., ¢/o Nicholas §, 


Hill, Jr., 112 East 19th St., New York, 
Ni ow. 


De Haas, Nicholas, Box 176, Linwood, 
Mass. 
Dion, Clarence K., 28 Chester Avenue 


Westerly, KR. I. 
Dyer, Samuel, Town Engineer, Memorial 
Bldg., Framingham, Mass. 

Eames, LaRoy D., ¢/o Hollingsworth & 
Vose, East Walpole, Mass. 
Eddy, 1300 

Building, Boston, Mass. 
Eddy, P., 65 Gray Cliff Rd, 
Newton Centre, Mass. 
Elisworth, Samuel M., 12 Pearl St., Bos- 
ton, Mass. 


Harrison P., Jr., Statler 


Harrison 


M., Prof., 112 Pieree Hall, 
Cambridge, Mass. 

Farnham, Arthur 
Pittsfield, Mass. 

Ferris, James E., Electro Bleaching Gas 
Co., 9 E. 41st St., New York, N. Y. 

Figenbaum, F., Supt., Streets & Sewers, 
Leominster, Mass. 

Flood, Frank L., ¢/o Metealf & 
Statler Building, Boston, Mass. 

Gage, Stephen DeM., 177 Arnold Ave., 


Fair, Gordon 
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“ng er 
Engineer, 


Eddy, 


Edgewood, R. I. 

Gallagher, John P., 7 Grand Ave., Dan 
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chester, Conn. 
Gilbert, Joseph J., 936 Mt. Carmel Ave., 

North Hills, Pa. 

W., Division of Laboratories 
and New York State De- 
partment of Health, Albany, NY; 

Giles, J. Henry L., State Dept. of Health, 
State Office Bldg., Hartford, Conn. 

Girouard, Joseph, 36 Church St., Spencer, 
Mass. 

Gorham, Frederick P., Prof., Brown Uni- 

(Deceased ) 


Pitkin St., So. Man- 


Gilereas, F. 


Research, 


versity, Providence, R. I. 
Granger, George M., Deputy Supt., Sewer 
Dept., Springfield, Mass. 
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Hanrath, William J., 61% Orchard St., 


Pittsfield, Mass. 

Hanson, Christopher, Sewage Disposal 
Works, Marlboro, Mass. 

Hauck, Frederick W., Supt. E. Provi- 
dence Sewage System, 110 Grosvenor 
Ave., East Providence, R. I. 

Hill, G. Everett, 45 Seventh Ave., New 
York, NN. XY. 

Holmes, Harry E., Mass. State Dept. of 
Health, State House, Boston, Mass. 
Holmgren, Richard F., ¢/o H. K. Bar- 
rows, 6 Beacon St., Boston, Mass. 
Holmstrom, Andrew B., Norton Com- 

pany, Worcester, Mass. 

Horne, Ralph W., c/o Fay, Spofford & 
Thorndike, 44 School St., Boston, 
Mass. 

Houser, George C., 441 Washington St., 
Brookline, Mass. 

Howard, P. F., Cottage Park Road, 
Winthrop, Mass. 

Jackson, J. Frederick, 185 Church St., 
New Haven, Conn. 

Johnson, Eskil C., Board of Purification 
of Waters, Room 327, State Office 
Bldg., Providenee, R. I. 

Kennedy, F. H., 5 Moreland Street, 
Brockton, Mass. 

Kenney, Samuel M., Chief Engineer, 
Sewer Dept., Rutland, Mass. 

Kingsbury, Francis H., Room 511-A, 
State House, Boston, Mass. 

Lanphear, Roy S., Worcester Sewage 
Disposal Works, Worcester, Mass. 

Lingley, Ralph G., 33 City Hall, Wor- 
cester, Mass. 
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Mass. 
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Street, Framingham, Mass. 
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Martzell, Paul C., 60 Mead <Ave., Port 
Chester, N. Y. 

Merrill, Walter E., 511-A State House, 
Boston, Mass. 

Meyer, Carl, Sewage Treatment Plant, 
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Morgan, Edward F., Jr., Supt. of Public 
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ville, Maine 

Petrie, William P., Supt., Sewage Dis- 
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Chester, Vermont 























Washington St., Hartford, Conn. 
Shea, Walter J., 327 State Office Bldg., 


Providenee, R. I. 







Sani 


York, 


Frederick, 
24 West 40th 


**Municipal 
New 


Shepperd, 





tation,’’ St., 
Bb. ¥. 

Sherman, Leslie K., 
Ave., West Hartford, Conn. 

Sieverding, O. C., 25 
Hartford, Conn. 

Smith, Fred E., Cambridge Water Purifi 

Plant, Fresh Pond 

Cambridge, Mass. 

Willis J., Water 

sion, State Capitol, Hartford, Conn. 








S39 





Farmington 







Dorothy Street, 








cation Parkway, 






Snow, State Commis 

























Soule, Ralph M., 511-A State House, 
Boston, Mass. 
Sprague, E. H., Prof., University of 


Maine, Orono, Maine 

Sterling, Clarence I., 685 Centre Street, 
Newton, Mass. 

Stock, Mitchell B., P. O. 
Bridgeport, Conn. 

Suttie, R. H., Prof., Dept. of Civil Engi 


neering, Yale University, New 


Box 804, 


Haven, 


Conn. 


Szilagyi, Julius, I. Horthy M. ut 106, 
Budapest, Hungary 
Thompson, E. H., 1308 Elm Street, 


Stratford, Conn. 


Mr. Richard C. Smith, Secretary, 

Atkinson, Asher, City Engineer, City 
Hall, New Brunswick, N. J. 

Baumgartner, William H., 260 Cliveden 


Avenue, Glenside, Pa. 
Bender, E., 1215 E. 

W. Philadelphia, Pa. 
Bernstein, M., 311 City Hall Annex, At- 

lantie City, N. J. 
te 


Edgewood Street, 


Boughten, 843 Broad Street, 
Newark, N. J. 

Buchanan, W. F., Supt. of Public Works, 
Metuchen, N. J. 

Cameron, George, 1905 IKuehnle Avenue, 


Venice Park, Atlantic City, N. J. 






SEWAGE WORKS JOURNAL 





Sawyer, Robert W., Jr., ¢/o Malcolm 
Pirnie, 25 West 43rd St., New York, 
N.Y. 

Scott, W. J., State Dept. of Health, 8 





March, 1534 








Thompson, Walter E., 1290 Elm St et, 
Stratford, Conn. 


Van Kleeck, LeRoy W., 165 Capitol 
Avenue, Hartford, Conn. 
Wadhams, S. H., State Water Commis- 


sion, State Office Bldg., Hartford, 
Conn, 

Walker, Philip B., 18 
Whitinsville, Mass. 


Watertown Fire Dist., Watertown, C 


Summit St., 


I 
Watters, George E., 536 Montauk Ave 
New 


Wentworth, 


London, Conn. 

John P., 

Mass. 
D., 
House, Mass. 

Weston, R. S., 14 
Mass. 


1300 Statler 
Boston, 
Arthur 


Boston, 


Bldg., 


Weston, Room 511, State 


Beacon St., Boston, 


Whipple, Melville C., 112 Pierce Hall, 
Cambridge, Mass. 

Whitcombe, F. H., 39 Chester St., New- 
ton Highlands, Mass. 

Whitlock, Henry C., City Hall, Water 


bury, Conn, 
Williams, Frederick C., 217 Raleigh Ave., 


Pawtucket, R. I. 


Worthington, Erastus, Civil Engineer, 
Insurance Bldg., Dedham, Mass. 
Wright, Edward, Mass. State Dept. of 


Health, State House, Boston, Mass. 
Wuraftie, Joseph, 335 State Office Bldg.. 


Providence, R. I. 


New Jersey Sewage Conference Group 


29 High Street, Glen Ridge, N. J. 


Water Serv 
A Ve... 


Noel S., N. Y. 
ice Corp., 2015 Church 
lyn, N. Y. 

Clark, A., 534 Hanford Place, Westfield, 
Nis 

Cleary, Edward J., 95 Woodlawn Avenue, 
Upper Montclair, N. J. 

Coe, J. 
Co., Englewood, N. J. 

Cowles, M. W., 
Dept. Filtration & 
Milford, N. J. 

Crawford, William, Neuman 
Road, Red Bank, N. J. 


Chamberlin, 


Brook 


H., Englewood Sewerage Trust 


Water Co., 
New 


Hackensack 
Sanitation, 


Springs 

















IS 


rd, 


VCW- 


iter 


\ve., 


eer, 


ass. 


ldg.. 


ery 


00k 


eld, 


nue, 


rust 


Co., 


‘ew 


ngs 








Vol. 6, No. 2 





Decker, E. P., City Hall, Newark, N. J. 

Denise, Warren B., 27 MeDermott St., 
Freehold, N. J. 

Donaldson, W., 170 Broadway, New 
Fork, Dew. 

Eifler, Emil O., Dept. of Sewers, Totowa 
Borough, N. J. 

Kigenrauch, William, 285 Grove Street, 
East Rutherford, N. J. 

Evans, F. M., Boro Engineer, Glen Rock, 
N. J. 

Fasulo, Frank, 405 Taylor Avenue, Hack- 
ensack, N. J. 

Fleming, M. C., Div. Engineer, Hardinge 
Co., York, Pa. 

Gieseke, George A., 915 Middlesex St., 
Gloucester, N. J. 

Harris, George W., 484 Bloomfield Ave., 
Montelair, N. J. 

Herberg, Harry, 205 Sixth Avenue, 
Long Branch, N. J. 

Heukelekian, H., Short Course Bldg., 
Agricultural Experiment Station, New 
Brunswick, N. J. 

Hill, G. Everett, 45 Seventh Avenue, 
New York, N. Y. 

Hoffman, F. A., Box 413, Morristown, 
Sa ie 

Kaercher, Leroy, 17 Davis Ave., Audu- 
bon, N. J. 

Kaplan, B., 42 Branchport Ave., Long 
Branch, N. J. 

Kerr, William, North Arlington Sewage 
Treatment Works, 22 Eagle St., North 
Arlington, N. J. 

Kupper, C. J., Bound Brook, N. J. 

Lacy, I. O., Agricultural Experiment 
Station, New Brunswick, N. J. 

Lendall, Harry N., Prof., Dept. of Mu- 


nicipal & Sanitary Engineering, Rut- 


gers University, New Brunswick, N. J. 
Lindsey, R. W., 443 Second Avenue, 
Lyndhurst, N. J. 
Lipman, J. G., Dr., Director, N. J. Agri- 


MEMBERS OF FEDERATION 





373 


cultural Experiment Station, New 
Brunswick, N. J. 

McIntyre, George F., Board of Health, 
Hammonton, N. J. 

Mallalieu, W. C., P. O. Box 384, Boon- 
ton, N. J. 

Miles, H. J., Agricultural Experiment 
Station, New Brunswick, N. J. 

Miller, Carl W., 224 W. James St., Lan- 
easter, Pa. 

Mitchell, George A., Magnolia Road, 
Vineland, N. J. 

Morgan, John E., City Hall, Camden, 
Ie is 

Ocean City Sewer Service Co., Ocean 
City, N. J. 

Orchard, W. J., Sales Manager, Wallace 
& Tiernan Co., Inc., Newark, N. J. 
Ridenour, G. M., N. J. Agricultural Ex- 
periment Station, New Brunswick, 

N. J. 

Riley, Edward C., 31 Mellen St., Cam- 
bridge, Mass. 

Rodda, William, 67 Ryerson Ave., New- 
108 ING di: 

Rudolfs, Willem, Short Course Bldg., N. 
J. Agricultural Experiment Station, 
New Brunswick, N. J. 

Schiverea, W. J., Borough Engineer, 
Freehold, N. J. 

Setter, Lloyd R., N. J. Agricultural Ex- 
periment Station, New Brunswick, 
N. J. 

Simmerman, John H., 215 Wildwood 
Avenue, Pitman, N. J. 

Smith, R. C., 29 High Street, Glen Ridge, 
N. J. 

Stroh, C. Kirk, P. O. Box 217, Bowling 
Green, Ky. 

Weis, Herbert, Sewer Supt., East Pater- 
son, N. J. 

West, Leslie E., 62 Lincoln Place, 
Irvington, N. J. 

White, E. N., Sewage Disposal Plant, 
Red Bank, N. J. 






























































SEWAGE 





Agar, Charles C., Div. of Sanitation, 
State Dept. of Health, Albany, N. Y. 


American-Moninger Greenhouse Manu- 
facturing Co., 1947 Flushing Ave., 
Brooklyn, N. Y. 

American Well Works, Ine., 165 Broad 


way, New York, N. Y. 

Anderson, John E., Supt., Sewer & 
Water Works, Ocean Beach, N. Y. 
Angell, J. M., Gillette 
Room 1632, 420 Lexington Ave., New 

York, N. Y. 
Ballin, Harold R., P. O. 
dale, N. Y. 
Barnes, George E., 
Applied Science, 


Publishing Co., 


Box 531, Sears- 

Prof., Case School of 

Cleveland, Ohio 
3arron, James L., 20 North Broadway, 
White Plains, N. Y. 

Bates, R. D., Div. of Sanitation, State 
Dept. of Health, Albany, N. Y. 

Baxter, Ray, 116 Halstead 
Mamaroneck, N. Y. 

3edell, A. S., Div. of Sanitation, State 
Dept. of Health, Albany, N. Y. 

Besselievre, Edmund B., The Dorr Co., 
247 Park Ave., New York, N. Y. 

Bidwell, Milton H., 169 Whaley St., 
Freeport, N. Y. 

3iele, F. J., 184 Nassau Ave., Hunting- 
ton, N. Y. 

Board of Sewer 
grave Sewer District, Great Neck, N. Y. 


Avenue, 


Commissioners, 3e] 


Bogert, C. L., 30 Church St., New York, 
i 2. 

Bowe, T. F., 110 William St., New 
York, N. Y. 

Boyee, Ralph E., Nassau, N. Y. 
3radner, B. E., 108 Ellsworth Ave., 
Harrison, N. Y. 

Breuchaud, Jules R., 155 East 44th 
Street, New York, N. Y. 

Briarcliff Manor Municipal Board, Briar- 


cliff Manor, N. Y. 
srigham, John C., State Dept. of Health, 
State Office Bldg., Albany, N. Y. 
3rush, Chas. E., Huntington Sewer Com 
mission, Huntington, L. I., N. Y. 
Caird, James M., Cannon Building, Troy, 
Hs Me Ge 


WORKS JOURNAL 


New York State Sewage Works Association 







Mr. A. S. Bedell, Secretary-Treasurer, State Department of Health, Albany, N. Y, 


Capen, Charles H., Jr., 8 Florence Place, 
West Orange, N. J. 

Carpenter, Harry C., 76 North St., Mid 
dletown, N. Y. 
Carpenter, William T., Room 2700, 
nicipal Bldg., New York, N. Y. 
Cary, F. Arthur, 185 North 
Fairport, N. Y. 

Chadsey, William H., 484 State Street, 
Schenectady, N. Y. 

Chase, E. Sherman, c/o Metealf & Eddy, 
1300 Statler Bldg., 

Chase, H. H., 112 East 
York, N. Y. 


Mu- 


Main St., 


Boston, Mass. 


19th St., New 


Clark, Robert N., 74 Eiseman Avenue, 
Kenmore, N. Y. 
Clarke, Ernest W., 418 Bedford Road, 


Pleasantville, N. Y. 
Clarke, Frank D., 59 
New Rochelle, N. Y. 
Cohn, Morris, 805 Hampton Ave., Sche- 
nectady, N. Y. 

Collyer, Joseph C., 2100 Municipal Blidg., 
New York, N. Y. 
Conner, H. MeKean, 
Ave., Bronx, N. Y. 
Cook, Rodney E., Main 

head, ts: 1., N.Y. 
Copeland, William R., State Office Bldg., 
Hartford, Conn. 
Corwin, Wilfred B., 37 
Larchmont, N. Y. 


Chestnut Lane, 


3804 Greystone 


Street, River- 


Lansdowne Drive, 


Cotton, Edwin R., 102 Hirehfield St., 
Williamsville, N. Y. 
Cowell, John E., 160 School Street, 


Oyster Bay, N. Y. 
Cowell, Ronald B., 162 
Oyster Bay, N. Y. 
Cowles, M. Warren, Hackensack 
Company, New Milford, N. J. 
Cox, C. R., State Dept. of Health, Al- 

bany, N. Y. 
Curry, Truman M., Jr., 112 East 
St., New York, N. Y. 
Dappert, Anselmo F., 
Avenue, Delmar, N. Y. 
Davis, Walter S., 686 Myrtle Avenue, 
Albany, N. Y. 


School Street, 


Water 


19th 


Delaware 


231 


















Mid- 
\u- 


St., 


iddy, 
New 
Chue, 


toad, 


Sche- 


ldg., 


tone 


iver- 











Vol. 6, No. 2 MEMBERS OF FEDERATION 


Deming, Harold A., 323 East Filburt 
Place, East Rochester, N. Y. 
Devendorf, Earl, State Dept. of Health, 
Albany, N. Y. 

Dickerson, Frank U., 21 Woolsey Ave., 
Glen Cove, N. Y. 

Dobson, William T., 5621 Grand Central 
Terminal, New York, N. Y. 

Dolomite Products Co., 183 Main Street, 
East, Rochester, N. Y. 

Donahue, William, Box 96, Dannemora, 
NY: 

Donaldson, Wellington, 15th Floor, 170 
Broadway, New York, N. Y. 

Dosch, Doron, ¢/o Hitchings & Co., 
Elizabeth, N. J. 

Dowd, John E., 39 West 38th Street, 
New York, N. Y. 

Downes, John R., Supt., Joint Sewage 
Treatment Works, Bound Brook, N. J. 

Drexel, Frederick, 6266 60th Drive, 
Maspeth, L. ie N. :'s 

Dyckman, Warren W., 2100 Municipal 
Building, New York, N. Y. 

Eckhart, William R., 1000 Winton Road, 
North Rochester, N. Y. 

Ehle, Virgil, 10 N. Main St., Gloversville, 
N: OY: 

Empire State Culvert Corp., 104 South 
St., Groton, N. Y. 

Enslow, L. H., ¢/o Gillette Publishing 
Co., 2615 Graybar Bldg., New York, 
:, So 

Erdwurm, Emil, 1137 Roanoke Ave., Far 

Rockaway, L. I., N. Y. 

‘ickson, W. J., Div. of Sanitation, State 

Office Bldg., Albany, N. Y. 

Kustance, Harry W., City Engineer, 
Ithaca, N. Y. 

Evans, Alfred W., 33 Legion Drive, Ken- 
more, N. Y. 

Fairbanks-Morse & Co., 160 Varick 
Street, New York, N. Y. 

Farrell, Bernard J., 3984 Rombouts Ave- 
nue, Bronx, N. Y. 

Feigel, John H., 617 Lisbon Ave., Buf- 
falo, N. Y. 

Fenger, J. W., 24 Idlewood Place, Ham- 
burg, N. Y. 

Field Engineers, Wm T., Flower Build- 
ing, Watertown, N. Y. 








375 











Firth, Elmer W., 21-10 49th Avenue, 
Long Island City, N. Y. 

Fisch, Fred W., 756 Central Parkway, 
Schenectady, N. Y. 

Fischer, Anthony J., ¢/o The Dorr Com- 
pany, 247 Park Ave., New York, N. Y. 

Fisher, Lawrence M., U. S. Public Health 
Service, Wall, Nassau & Pine Sts., New 
York, Ni ¥. 

Flynn, Edward D., 221 N. LaSalle St., 
Chicago, Ill. 

Foote, A. J., Hillside Arcade, Larchmont, 
Ni 

Fort, Edwin J., 54 Lafayette Street, 
New York, N. Y. 

Fortenbaugh, J. Warren, Main Street, 
Perry, IN. Y. 

Fuller, C. H., Jr., 70 Highwood Avenue, 
Tenafly, N. J. 

Fuller, George W., 170 Broadway, New 
York, N. Y. 

Fuller, N. M., 302 Laurens Street, Olean, 
NY? 

Galow, K. J., Sewer Commissioner, 
Huntington, L. I., N. Y. 

Gannon, Thomas J., Dept. of Sanitation, 
54 Lafayette St., New York, N. Y. 
Gardner, George W., 31 Trinity Avenue, 

Lowville, N. Y. 

Gates, Justin F., James Street, Middle- 
town, N. Y. 

Gavett, Weston, 973 Kenyon Avenue, 
Plainfield, N. J. 

Gilbert, Leslie W., Div. of Engineering, 
Dept. of Public Works, State Office 
Bldg., Albany, N. Y. 

Gould, Richard H., Room 1201, Mu- 
nicipal Bldg., New York, N. Y. 

Greiff, Victor, 173 Beach 139th St., Belle 
Harbor, L. I., N. Y. 

Greig, John M. M., 30 Chureh St., New 
Yorks No. 

Gyatt, W. P., 169 Milnor Ave., Syracuse, 
Ns oe: 

Hale, Arnold H., Linden Road, Route No. 
3, Brighton, N. Y. 

Hall, Ronald S., Millbrook, N. Y. 

Hamm, William C., 9 Locust Avenue, 
Port Washington, N. Y. 

Hammond, George T., 156 Berkeley 

Place, Brooklyn, N. Y. 




































376 





Hannan, James, 15 Washington Ave., 
Pleasantville, N. Y. 
Hardenbergh, W. A., 
, New York, N. Y. 
Harding, James C., Jr., 11 
New York, N. Y. 
Hardinge Company, York, Pa. 


310 East 45th St., 


Park Place, 


Harrison, Edward F., P. O. Box German- 
town 4252, Philadelphia, Pa. 

Hastie, James, 110 
Great Neck, Long Island, N. Y. 

Heubi, Thomas, 45 Washington Ave., 
Fredonia, N. Y. 

Hevenor, Gloster P., 52 Vanderbilt Ave., 
New York, N. Y. 

Highberger, W. W., 10 N. 
Mt. Vernon, N. Y. 

Hill, G. Everett, 45 Seventh 
York, N. Y. 

Hill, Nicholas S., Jr., 
New York, N. Y. 
Hobbs, Harold Wayne, C. 

Van Etten, N. Y. 
Holbrook, A. R., 116 
East Orange, N. J. 
Holmes, Glenn D., 208 N. 

Syracuse, N. Y. 
Holmquist, Charles A., 
Health, Albany, N. Y. 
Hopkins, Charles C., 349 Cutler Building, 
Rochester, N. Y. 
Horton, Theodore, 352 State 
Albany, N. Y. 


Susquehanna Ave., 


Fulton Ave., 
Ave., New 
112 East 19th St., 
C. C, No. P-81, 
Lenox Avenue, 
Clinton St., 
State 


Dept. of 


Street, 


Howd, Albert, State Dept. of Health, 
Albany, N. Y. 
Howell, Carl L., 31 Municipal Bldg., 


Buffalo, N. Y. 
Hubbard, Winfred D., 
Kingston, N. Y. 


145 Pearl Street, 


Huntington Board of Sewer Commis 
sioners, Huntington Sewer Dist., Hunt- 
ington, N. Y. 

Hurst, William O., Millbrook, N. Y. 

Inertol Company, 190 Ellicott St., Buf- 
falo, N. ¥. 

Johnson, Herbert O., 7 
Great Neck, N. Y. 

Daniel, 42 Railroad Ave., 


Chelsea Place, 


New 


Jones, 


Rochelle, N. Y. 
Jones, Edward W., Box 164, Orangeburg, 


me 





SEWAGE WORKS JOURNAL 


March, 





Kass, Nathan I., 167 Beaumont St 
Brooklyn, N. Y. 


Keirn, K. A., 293 Larkin St., Buffalo, 


N. 2. 

Kemp, Harold A., 969 Fairmont Ave, 
St. Paul, Minn. 

Kerslake, James E., 112 East 19th St., 


New York, N. Y. 

Ketcham, Joseph M., Gilbert St., North- 
port, N. Y. 

Kileawley, Edward J., 1906 Bardett Ave. 
Troy, N.Y; 

Kneale, John S., 60 Smith St., Rockville 
Center, N. Y. 

Knox, Stuart K., 25 Warfield Road, 
Upper Montclair, N. J. 

Kumpf, George L., 3497 Third Avenue, 
New York, N. Y. 

Kurtz, A. Lawrie, 2650 Mason St., Madi 
son, Wis. 


’ 


Lager, Carl, Baldwinsville, N. Y. 
Langford, Leonard L., 136 Liberty St., 
New York, N. Y. 
Larkin, W. H., 2 
Middletown, N. Y. 
Laughlin, William O., 8300 Talbot Place, 

Kew Gardens, N. Y. 


East Main Street, 


Laverty, Francis J., 185 Pleasant Ave- 
nue, Pleasantville, N. Y. 

Lawlor, Thomas F., Eastman Park, 
Poughkeepsie, N. Y. 

Lea, W. S., 1226 University St., Mon- 
treal, Canada 

Leigh, Harry W., Tuxedo Park, N. Y. 

Levy, Harry W., 2129 Municipal Bldg., 
New York, N. Y. 

Lewis, John V., 54 
Rochester, N. Y. 

Lineoln, Herbert, Room 1117, 205 East 
42nd St., New York, N. Y. 

Link-Belt 
Road, Chicago, Ill. 


Court Street, 


Company, 300 W. Pershing 

Long, Graydon, Dr., 544 Genesee Street, 
Rochester, N. Y. 

Lose, William L., 10 
Tonawanda, N. Y. 

Lozier, William S., 10 
Rochester, N. Y. 

Luther, L. L., 140 East Avenue, Freeport, 
ae ge 

Lyman, C. Glenn, 
Brooklyn, N. Y. 


Main Street, 


Gibbs Street, 


Box 397, G. P. Vs 




















ilo, 


reet, 
lace, 
A ve- 
‘ark, 
yLon- 


Y 


\dg., 
reet, 
East 
1ing 


reet, 











Vol. 6, No. 2 


McBreen, Charles, Orangeburg, N. Y. 

McClintock, James R., 170 Broadway, 
New York, N. Y. 

McDonald, Roland G., 409 Madison St., 
E. Rochester, N. Y. 

MeFaul, W. L., City Engineer, Hamilton, 
Ont., Canada 

MeKay, Cornelius R., 11th Street, 
Garden City, N. Y. 

McKeeman, Edwin C., 201 Randall Ave- 
nue, Freeport, L. I., N. Y. 

MacCallum, C., 21 West Street, New 
Work. 1s. ¥. 

MacMahon, J. H., Mathieson Alkali 
Works, Ine., Niagara Falls, N. Y. 

Manahan, Patrick, Supt. of Sewage Dis- 
posal Works, Briarcliff Manor, N. Y. 

Marshall, W. B., 1742 North Prospect 


Avenue, Milwaukee, Wise. 

Michaels, John, Division of Sewers, 
Queens Subway Bldg., Long Island 
ity; IN. Xs 

Mieldazis, J. J., 66 South Santa Cruz St., 


Ventura, Calif. 

Mitchell, Louis, College of Applied 
Science, Syracuse University, Syracuse 
N:. 2. 

Mitchell, William C., Rockland State 
Hospital, Orangeburg, N. Y. 


d 


Mowbray, George A., 31 Hobart Avenue, 
Port Chester, N. Y. 

Municipal Sanitary Service Corp., 155 
Kast 44th St., New York, N. Y. 

Murray, James T., 12 Balentine Ave., 
Glen Cove, N. Y. 

Nayman, Frank §8., 110 Linwood Ave., 
Albion, N. Y. 

Nesbit, George H., 67 Adams _ Street, 
Kast Rockaway, N. Y. 

Neves, Lourenco Baeta, Dr., Prof. da 
Universidade de Minas Geraes, Rua 
Claudio Manoel, 1185, Bello Horizonte, 
Minas Geraes, Brazil 

Nevitt, I. H., 1091 Eastern Ave., To- 
ronto, Ont., Canada 

Nusshaumer, Newell L., 577 Ellicott 
Square, Buffalo, N. Y. 

O’Brien, Earl F., 208 N. Clinton St.. 


Svracuse, N, Y. 


Ogden, Henry N., Cornell University, 
Ithaca, N. _ 








MEMBERS OF FEDERATION 377 


Perrine, J. Franklin, Borough Hall, Long 
Island City, N. Y. 

Phelps, E. B., Prof., 630 West 168th 
Street, New York, N. Y. 

Phelps, Ellis K., 384 W. 253rd St., New 
Vorks Ne X: 

Pincus, Sol, 15 West 81st Street, New 
York, N.Y. 

Poarch, S. D., 1384 So. Third St., Olean, 
NSS 

Pohl, C. A., 39 Cortland St., New York, 
Ne 

Potter, Alexander, 50 Church St., New 
York, N: ¥. 

Potts, Clyde, 30 Church St., New York, 
Ne X. 

Powell, W. B., City Hall, Long Beach, 
ING Ys 

Provost, Andrew J., Jr., 39 West 38th 
St., New York, N. Y. 

Purdie, David J., Room 904, 20 Vesey 
Street, New York, N. Y. 

Raisch, William, 6945 Manse _ Street, 
Forest Hills, L. I., N. Y. 

Rankin, R. S., 247 Park Avenue, New 
York, N. Y. 

Riddick, Thomas M., Box 65, New York 
University, University Heights, N. Y. 

Riedel, John C., 505 Macon Street, 
Brooklyn, N. Y. 

Roberts, Jack, 515 Dorlands Ave., To- 
ronto, Ontario, Canada 

Roberts, Joseph, 405 Lexington Avenue, 
New York, N. Y. 

Robinson, George L., 5621 Grand Cen- 
tral Terminal, New York, N. Y. 

Robinson Clay Products Co., Empire 
State Building, New York, N. Y. 

Roe, Frank C., The Carborundum Co., 
Niagara Falls, N. Y. 

Ryan, J. Samuel, 99 Olean Street, Boli- 
vats IN. Xi: 

Ryan, Wm. A., 62 Barry Road, Rochester, 
Nee. 

Ryon, Henry, State Dept. of Public 
Works, Albany, N. Y. 

Salathe, Albert, Syracuse University, 
Syracuse, N. Y. 

Sammis, A. V., 39 Cannon St., Pough- 
keepsie, N. Y. 

Sanborn, J. F 
York, N. Y. 


30 Church Street, New 


ba 











378 


Saville, Thorndike, Box 65, New York 
University, University Heights, N. Y. 

Schad, Fred, 5302 Road, 
Brooklyn, N. Y. 

Schaefer, Edward A., 111-31 
Street, Richmond Hill, N. Y. 

Scheak, H. M., 75 Rosedale Heights, To- 
ronto, Ont., Canada 

Schreiner, W. R., Westchester County 
Court House, White Plains, N. Y. 

Scott, Rossiter S., 4 East 10th St., New 
Work, N.Y. 

Seifert, William P., 
Tuckahoe, N. Y. 

Seitz, Cecil F., Room 31, Municipal Bldg.. 
Buffalo, N. Y. 

Shaw, D. J., 69 South Oxford St., Brook- 
ign, N.Y. 

Sheppard, Frederick, 24 West 40th St., 
New York, N. Y. 

Shevlin Engineering Co., Inc., 227 Ful- 
ton St., New York, N. Y. 

Shockley, Homer G., 7004 Colonial Road, 
Brooklyn, N. Y. 

Shoeld, M., 
Pa. 

Simplex Valve & Meter Co., 342 Madison 
Avenue, New York, N. Y. 

Skinner, J. F., 52 City Hall, Rochester, 
a 2k 

Smith, Thomas J., 
Newark, N. Y. 

Snyder, N. 8S. 556 
Buffalo, N. Y. 

Spry, Fred J., Lincoln Hall, Cornell Uni- 
versity, Ithaca, N. Y. 

Steelman, Martin S., Room 26, Stratfield 
Hotel Bldg., Bridgeport, Conn. 

Stevens, Harold C., 375 New York Ave., 
Huntington, N. Y. 

Stoddard, John M., 318 Fulton Avenue, 
Hempstead, N. Y. 

Strowbridge, John O., Supt. of Water & 
Sewers, Dundee, N. Y. 

Pearl River, N. Y. 


Glenwood 


125th 


77 Highview Avenue, 


Koppers Bldg., Pittsburgh, 


402 West Maple St., 


Ellicott Square, 


Sturges, William T., 
Suter, Russell, 23 So. Pearl St., Albany, 
m. 2. 


Sylvester, William L., 4414 
Avenue, Riverdale-on-Hudson, N. Y. 

Taggart, Robert S., 48 Waller 
White Plains, N. Y. 


Cayuga 


Ave., 


SEWAGE WORKS JOURNAL 


March, 

Tallamy, Bertrand D., 5488 Main 
Williamsville, N. Y. 

Taylor, Henry W., 11 Park Place, New 
York, N.Y. 

Taylor, Warren G., Prof., 38 Union 
Avenue, Schenectady, N. Y. 

Taylor, Wm. G., Military Park Bldg., 60 
Park Place, Newark, N. J. 

Thomson, F. N., State Health De 
State Office Bldg., Albany, N. Y. 

B. F., 322 Main St., Hunt 
ington, N. Y. 

Tiedeman, W. D., Div. of Sanitation, 
State Dept. of Health, Albany, N. Y, 

Saranac 


Thomson, J. 


Timmerman, W. E. T., Lake, 
ite 

Timmers, Walter W., 41 
Albany, N. Y. 

Titus, Walton O., 32 St. 
Brooklyn, N. Y. 

Van Denburg, J. W., 312 Mamaroneck 
Avenue, White Plains, N. Y. 

Velz, C. J., R. F. D. No. 3, Sterling 
Road, Watchung, Plainfield, N. J. 

Vogel, Max Ludwig, 103 West Sidney 
Ave., Mt. Vernon, N. Y. 

Vrooman, Morrell, 10 N. 
Gloversville, N. Y. 

Waasdorp, Leonard A., 311 
St., Rochester, N. Y. 

Wagenhals, H. H., Div. of Sanitation, 
State Dept. of Health, Albany, N. Lf 

Wager, Robert, P. O. Box 18, Napanoch, 
N; YY. 

Walker, Chas. L., 201 
Ithaca, N. Y. 

Watkins, William W., 
Oneonta, N. Y. 

Watson, Carl H., 
County, N. Y. 

Weller, W. Earl, 25 
Rochester, N. Y. 

Whalen, Charles J., Hillerest 
Mamaroneck, N. Y. 

Wheeler, Robert C., 36 State St., Albany, 
Noe. 

Wickes, Joseph, 
keepsie, N. Y. 

Willeomb, George E., 12 
Ave., Albany, N. Y. 

Wing, F. K., 1314 
Buffalo, N. Y. 


Jeanette St., 


Pauls Place, 


Main St., 


Alexander 


Fairmont Ave., 
130 East St., 
Great Neck, Nassau 


Exchange St., 


Court, 


Dorsey Lane, Pough- 


South Lyons 


Prudential Bldg., 





ion 
r., 60 


ept., 


Lunt- 


iTLOl, 
N.. Be 


Lake, 


oneck 
rling 
idney 

St., 
ander 
ation, 
NA. & 
noch, 
Ave., 

St., 
assau 

tis 
‘ourt, 
bany, 
ough- 
Lyons 


Bldg., 


Vol. 6, No. 2 


Wiseman, Eugene R., 321 Seventh 
Avenue, N., Troy, IN. 3 

Woodford, John R., 121 Spence Street, 
Ithaca, N. ge 

Wright, L. H., Supt. of Sewers, City 
Hall, Newark, N. Y. 


MEMBERS OF FEDERATION 379 


Wyckoff, Charles L., Dept. of Civil 
Engineering, Columbia University, 
New York, N. Y. 

Young, W. W., 192 Martine Avenue, 
White Plains, N. Y. 

Zeigler, Frederick, 55 Waller Ave., 
White Plains, N. Y. 


North Carolina Sewage Works Association 


Mr. H. G. Baity, Secretary-Treasurer, University of North Carolina, Chapel Hill, N. C. 


Abell, D. S., 321 Salisbury Road, States- 
ville, N. C. 

Bain, Ernest B., 120 New Bern Ave., Ra- 
leigh, N. C. 
saity, H. G., Professor Sanitary & Mu- 
nicipal Engineering, University of 
North Carolina, Chapel Hill, N. C. 

Bennett, J. S., University Consolidated 
Service Plants, Chapel Hill, N. C. 

Benton, L. J., Supt. Water & Light 
Dept., Fremont, N. C. 

Booker, Warren H., Div. of Sanitation, 
State Bd. of Health, Raleigh, N. C. 

Bridgers, J. H., Henderson Water Works, 
Municipal Building, Henderson, N. C. 

Bryant, G. A., Chief Engineer, Cannon 
Mills, Kannapolis, N. C. 

Bugher, S. B., Supt. Water Works, 
Reidsville, N. C. 

Bullard, J. L., Supt., Water, Light & 
Power Dept., Drawer 598, Lexington, 
N.C. 

Burchard, E. D., District Engineer, U. S. 
Geological Survey, 316 Jackson Bldg., 
Asheville, N. C. 

Caruthers, E. P., State Board of Health, 
Graham, N. C. 

Cochran, J. D., Supt. Water Works, 
Statesville, N. C. 

Coffman, Fred, State Board of Health, 
Raleigh, N. C. 

Davidson, George T., Supt. Water & 
Sewer Depts., Mooresville, N. C. 

Davis, H. F., Wallace & Tiernan Co., 
Inc., 1720 Beverly Drive, Charlotte, 
ee 

Dawson, Thomas T., ¢/o Harwood-Beebe 
Co., Montgomery Bldg., Spartanburg, 
ee 


Doane, Norman D., P. O. Box 5, Eliza- 
beth Station, Charlotte, N. C. 

Evans, Wm. J., Filter Plant Operator, 
Box 819, Oxford, N. C. 

Fisher, L. A., Supt., Bd. of Water & 
Light Commission, Box 198, Concord, 
Ne-€: 

Flynn, E. D., 221 No. La Salle St., Chi- 
cago, Ill. 

Ford, T. B., The Dorr Company, 1665 
Noble Drive, N. E., Atlanta, Ga. 

Frisk, Paul W., Chemical Engineer, 
Chief Chemical Laboratory, American 
Enka Corporation, Box 45, Enka, N. C. 

Godfroy, F. G., Supt., Water & Light 
Plant, New Bern, N. C. 

Grier, M. M., Supt. of Filtration, 126 E. 
Water Street, Statesville, N. C. 

Grinnell Company, Inc., Box 336, Char- 
lottey IN. C. 

Hall, W. H., Prof. Civil Engineering, 
Duke University, Durham, N. C. 

Hansell, Wm. A., City Hall, Atlanta, Ga. 

Heyward, T. C., 1100 Realty Building, 
Charlotte, N. C. 

Hollett, A. R., University of North Caro- 
lina, Box 281, Chapel Hill, N. C. 
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Burlington, N. C. 
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Mount Airy, N. C. 

Kellogg, James W., State Laboratory of 
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Water Com- 
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Lassiter, L. I., Consolidated Bd. of 
Health, Wilmington, N. C. 

Lawson, J. G., Supt. of Water Works, 
3ethel, N. C. 

Luther, Robert, Supt. Water Works, Box 
38, Elizabeth City, N. C. 

Lybrook, W. M., Civil Engineer, 106 Elm- 
wood Drive, Greensboro, N. C. 

Lyon, A. 8., Supt. of Publie 
Rocky Mount, N. C. 

McAdams, W. A., Supt. Water & Light 
Dept., Farmville, N. C. 

McLeod, J. A., 
No. 
N.C. 

Maffitt, McKean, Supt. Water & Sewer 
Dept., Wilmington, N. C. 

Magee, W. G., Supt. Water & Light 
Dept., Box 452, Morehead City, N. C. 

Martin, J. C., Supt. Water Department, 
Tarboro, N. C. 

Martinez-Ponte, J. Rafael, Norte 14, No. 
39, Caracas, Venezuela, S. A. 

Medford, Hugh L., Asst. Engineer, 
Dept. of Public Works & Service, 513 
Mendenhall St., Greensboro, N. C. 

Meredith, E. P., Supt. Water Works, 
Washington, N. C. 

Merritt, Will D., Supt. Water Dept. & 
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Durham, N. C. 
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Moss, E. H., Supt. of Plants, High Point, 
N. C. 
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Shaner, Harry L., Commissioner of Pub- 
lie Works, City Hall, Winston-Salem, 
IN, KG. 
Smedberg, C. W., 315 
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lege, Raleigh, N. C. 
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State Col- 
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Ohio Sewage Works Conference Group 


Mr. F. W. Jones, Secretary-Treasurer, 1140 Leader Building, Cleveland, Ohio 


Allen, Joseph M., Sanitary Engineering 
Dept., Hamilton County Court House, 
Cincinnati, Ohio 

Allton, Robert A., 
Ohio 
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River 
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W., 2171 Atkins Ave., Rocky 
3ranch, Cleveland, Ohio 


3ackherms, A. B., 730 Elma Street, 


Akron, Ohio 


Louis E., House, 


Backherms, 549 Court 
Cincinnati, Ohio 

Bahlmann, Clarence, Water Purification 

Filtration 


Supervisor, Cincinnati 


Plant, California, Ohio 
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arton, Hen H., 207 Locust Street, Find- 
lay, Ohio 

Bartow, Leslie W., 211 E. Hudson St., 
Columbus, Ohio 

Baumgartner, W. H., 260 Cliveden 
Avenue, Glenside, Pa. 
3ehnke, George C., 400 E. College Street, 
Oberlin, Ohio 

Biggs, J. E., Jeffrey Manufacturing Co., 
Columbus, Ohio 

Blanchard, H. E., c/o A. H. Fretter, 
603 S. Broadway, Medina, Ohio 

Blodgett, J. H., 1982 Startford Way, Co 
lumbus, Ohio 

Bonney, O., Sewerage Relief Engineer, 
City Hall, Columbus, Ohio 

Browne, Floyd G., Box 134, Marion, 
Ohio 

Budd, Chester B., 6812 Forman Avenue, 
Cleveland, Ohio 

Burger, A. A., Engineer, 3306 Elsmere 
Road, Shaker Heights, Cleveland, 
Ohio 

Clover, I. N., 1525 Pythian Avenue, 
Springfield, Ohio 

Collier, James R., 208 Harwood Street, 
Elvria, Ohio 

Corbin, Lee, Supt. Water & Sewers, 
Barnesville, Ohio 

Critser, W. H., 64 W. Weber Road, Co- 
lumbus, Ohio 

Dick, George C., Supt. Berea College, 
Berea, Ky. 

Dittoe, W. H., Mahoning Valley San. 
Dist., 901 City Bank Bldg., Youngs- 
town, Ohio 
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Bldg., Youngstown, Ohio 

Ellms, J. W., 1310 West 112th St., 
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Cleveland, Ohio 
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Flower, G. E., 1301 West 110th Street, 
Cleveland, Ohio 

Fretter, Albert H., Supt. of Sewers, 608 
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Gallagher, Fred W., Southerly Sewage 
Treatment Works, Brooklyn Sta. R. 
F. D, No. 3, Cleveland, Ohio 
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Hatch, B. F., State Health Dept., Pure 
Oil Building, Columbus, Ohio 

Havens, William L., 1140 Leader Build- 
ing, Cleveland, Ohio 
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Columbus, Ohio 
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Bldg., Cleveland, Ohio 

Marshall, L. A., Supt. of Filtration, Di- 
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Monroe, S. G., R. F. D. No. 7, Box 99, 
Akron, Ohio 

Moore, H. F., North Pomfret, Vermont 

Mosely, Harry H., 1140 Leader Build- 
ing, Cleveland, Ohio 

Pease, Maxfield, 4614 Prospect Avenue, 
Cleveland, Ohio 
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Akron, Ohio 

Scott, G. E., 
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Scott, R. D., Chief 
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Dept. of 
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Sheets, W. D., 236 

lumbus, Ohio 
Smiley, Paul E., 324 
Dayton, Ohio 
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Stewart, F. D., State Dept. of Health, 
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Hall, 


Sweeney, R. C., Eng. 
Sewage Disposal, City 
field, Ohio 

Tatlock, M. W., 911 Ferndale Ave., Day- 
ton, Ohio 

Tolles, Frank C., 1140 Leader Building, 
Cleveland, Ohio 

Truax, N. H., Lewistown, Ohio 

Wahmhoff, John, Supt. 
ment Works, Delphos, Ohio 

Walker, C. C., 1826 W. Ist 
lumbus, Ohio 

Waring, F. H., State Health Depart- 
ment, Pure Oil Bldg., Columbus, Ohio 

Chemist, Westerville, 


Spring- 


Sewage Treat- 


A WGcs 


Wenger, J. H., 
Ohio 
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land, Ohio 

Yackley, Wilbur A., 931 Porter Avenue, 
Dayton, Ohio 


11119 Lake Avenue, Cleve- 


Oklahoma Water and Sewage Conference 


Mr. H. J. Dareey, Secretary-Treasurer, Dept. of Public Health, Oklahoma City, Okla. 
Man- 


W., Wetumka, Okla. 
Orient, 


Callaway, R. 
Chappell, J. A., 610 
Okla. 


Clinton, 


Daniels, Perey, Water Supt., Perry, 
Okla. 
Darcey, H. J., 
Okla. 
Killion, J. H., 


Okla. 


Box 1237, Oklahoma City, 


Water Supt., Cordell, 


Lawrence, H. T., City Manager, 
gum, Okla. 

Scott, L. H., 2536 N. W. 13th St., Okla- 
homa City, Okla. 

Smith, O. M., Dr., Dept. of Chemistry, 
Oklahoma A. & M. College, Stillwater, 
Okla. 

Stapley, E. R., Prof. of Civil Engincer- 
ing, A. & M. College, Stillwater, Okla. 


Steinman, R. W., Beggs, Okla. 


Pennsylvania Sewage Works Association 


Mr. L. D. 


Matter, Secretary-Treasurer, Room 217, Kirby Health Center, 


Wilkes-Barre, Pa. 


C., Asst. Sanitary Engineer, N. 
Dept. of Health, Albany, 


Agar, C. 
Y. State 
mn, 

Altemus, Frank B., Norristown 
Treatment Plant Operator, 396 W. 
Freedly Street, Norristown, Pa. 

Bailey, 8. C., Danville State Hospital, 
Danville, Pa. 


Sewage 


Elmer E., Township of Lower 


East 


saltz, 
Merion, 75 Lancaster Avenue, 
Ardmore, Pa. 

Barrick, M. J., Dept. of Health, 28 E. 
Third St., Williamsport, Pa. 

Baum, H. J., City Engineer, Altoona, Pa. 

Beaumont, H. M., Room 1116, City Hall, 


Annex, Philadelphia, Pa. 
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Besselievre, E. B., The Dorr Company, 
247 Park Ave., New York, N. Y. 

Blunt, Harrison, Palmerton Disposal 
Company, Palmerton, Pa. 

Boardman, Wm. Hunter, Jr., 426 Wal- 
nut Street, Philadelphia, Pa. 

Broomall, Carolus M., Civil Engineer, 
Media, Pa. 

Brown, Glenn V., Dr., 312 East Main 
St., Mechanicsburg, Pa. 

Burnside, Lewis E., City Engineer, 
Sharon, Pa. 

Bush, Bernard S., Pa. Dept. of Health, 
Kirby Health Center, Wilkes-Barre, 
Pa. 

‘ameron, A. B., 419 West Vine Street, 
Kalamazoo, Mich. 

‘arpenter, Lewis V., W. Va. University, 
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‘hambersburg, Boro of Public Utilities, 
Chambersburg, Pa. 

‘hase, E. Sherman, ¢/o Metealf & Eddy, 
Statler Building, Boston, Mass. 
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Building, Pittsburgh, Pa. 
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‘eland, R. R., Dept. of Grounds & 
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College, Pa. 
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Damon & Foster, Chester Pike & High 
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Daniels, F. E., Chief, Industrial Waste 
Section, Pa. Dept. of Health, Harris- 
burg, Pa. 

Darby, W. A., The Dorr Company, 247 
Park Avenue, New York, N. Y. 

Diefendorf, Fred G., Supt., Erie Sew- 
age Treatment Works, 346 W. Eighth 
Street, Erie, Pa. 

Dechant & Sons, W. H., 632 Washington 
St., Reading, Pa. 

Rekbert, Chester A., Borough Manager, 
Hanover, Pa. 

Kdgerley, Edward, City Engineer, 343 
N. West End Ave., Laneaster, Pa. 


Ellis College, Newton Square, Pa. 
Emerson, C. A., Jr., 96 North Walnut 
St., East Orange, N. J. 
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Evans, David A., American Cas. Build- 
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Statler Bldg., Boston, Mass. 
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Company, Inc., York, Pa. 

Freeburn, H. M., Suite 303, Keystone 
Bldg., Broad and Vine Sts., Philadel- 
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Friel, F. S., c/o Chester E. Albright, 
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Fulweiler, W. H., Chemical Engineer, 
United Gas Improvement Co., 1401 
Arch Street, Philadelphia, Pa. 

Gascoigne, George B., 1140 Leader 
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Glace, I. M., State Dept. of Health, 
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Goff, 509 Cooper Street, Camden, N. J. 
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burg, Pa. 
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posal Co., Palmerton, Pa. 
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Manufacturing Co., 1000 Widener 
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Herr, H. N., 114 Java Ave., Hershey, Pa. 

Hill, Theodore C., Hill & Hill, Engineers, 
North East, Pa. 

Hinkle, Samuel, Chemist, Hershey, Pa. 
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